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@ Uquld discharging recording head and method for producing same. 

@ A metfiod for producing a Uquld discharging recording head including an Ink discharge opening, an 
Ink supply openlig, an ink channel comniunicating with the Ink dischaige opening and the ink supply 
opening, and an eneigy generating dement provided con-bonding to the Ink channel and adapted for 
generating energy to be utilKed for ink disdiarge comprises the steps of : • 

fbmting a first photosensitive material layer for Ink channel fomiation, on a substrate tiearing 
.thereon the energy generatirig element; 

pattern exposing the first photosensitive material layer, for Ibrming the ink channel ; 

forming a second photosen^tive material layer on the first photosensitive material layer ; 

pattern exposing the second ptiotosen^thfo material layer for forming the Ink (fischarge openbig 
and the ink supf^ opening ; and 

developir^ the first and the second layers of pholbsenslthre materials. . . .. 
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BACKGROUND OF THE iNVENTlQN , 
Reld of the invention 

5 The present invention relates to a method for producing a liquld-dischaiiging recoid'mg head for recording 

liquid discharge for use in an ink jet lecmiing nnethod, a liquid-discharging recording head produced by the 
method, arid a recording apparatus equipped with file leoording head. 

Related Background Art 

10 

The liquid-discha^ii^ rsoording head adapted for lise in an Inkjet recording method (hereinaftisr also cal- 
led a liquid discharge recording method) is generally provided with afina liquid discharge opening, an ink chan- 
nel, and an energy generating element provided corresponding to the ink channel and used for generatinig 
energy to be utOized for ink discharge, and. at the rsoording ,operatk>n, an ink droplet Is discharged from the 
IS opening by the ftinction of the energy generating element and Is deposited on a rsoordli^ sheet, thereby forming 
a record. A conventionally known method for producing such liquid-discharging recording head comprises fbmv 
ing a fine groove or grooves on a glass or metal plate by mechanical working or etdiing. and adhering such 
grooved plate with another suitable plate to form the ink channel or channels. 

■However, Oie liquid-discharging recording head produced by such conventional method has been 
20 aslsociated with a drawback of frequent fluctuation In the recording charactBrfstics because of the lack of con- 
sistency in the flow resistance in the ink diannel, resulting from the insufficient snrK>othne38 of the mechanibal 
finishing of the Internal wails of the Ink channel, or from the distortion in the ink channel caused by k>caliy dif- 
. ferent etching rate. Also the mechanical working has been associated with a low production yield t>ecause of 
firequent chipping or cracking of the plate. On the o^herjfi^ et^ing process is unfavorable in production 

29 . cost, because of a large number of process steps. Alsd theseconventtonal methods have been associated with 

a dra>^ack of difficulty in the alignment of the plate bearing grooves as the ink chann^s with the substrate 
. bearing piezoelectric elenients or electrothermal converting elements for generating the energy for ir^ dis- 
idiarge, whereby such methods lack adaptability for mass production. 

Furtherrmire, such llqukJ-disdiarging recording head is constantiy In contact, in the state of use thereof, 

30 with the Ink liquid, which is generally aqueous and often non-neutral, is based on organic solvent For this 
reason the materials constituting tiie liquid*<iischarging recording head are preferably free from deterl<»natidri 
in the strength by the influence from the ink liquid, and are firee from urulesiral^e components vyhich deteriorate 
the performance of the ink liquM upon migration thereinto; However, in tiie above-mentioned conventional 
methods, it Is often not posslt)le to select the materials meeting these objectives, k>ecause of certain limitations 

35 in the working steps of these methods. 

SUI^MARY OF THE INVEhmON 

In consideration of the foregoing, an object of the presfent Invention is to provide a method for produdng 
40 an inexpensh^, precise and reliable liquid-discharging reoordihg head, a llquld-dischaiiging recording head pro- 
duced by the method, and a recording apparatus equir^ed >^th the recording head. . . 

Artother object of the present invention is to provide a rrothod for producing a liqukJ-discharging recording 
head, capable of forming the ink channels precisely with a high production yield, a liquid-discharging recordirig 
head produced by the rr^thod, and a recording apparatus equipped wth such recording head. 
,45 StII anotiier object of the present invention is to provide a method for producing a liqukMischarging record- 
ing head with limited Uiterac^on with tiie ink liquki^ ^proved rnechanlcal strengtii and improved chemlceJ resi- 
. stance, a {Iquld-discharging recording head produced by the niethod, and a recording apparatus equipped ¥nth 
such recoiiding head. 

StII another ot)}ect of the present Invention is to provide a method tor producing a i iquld-disc^arglng reccrd- 
50 ing head including an ink discharge opening, an ink supply opening, an Ink channel communicating witti the 
' ink discharge opening and the ink supply opening, and an energy generating element provided corresponding 
• to the ink channel and adapted for generating energy to be utilized fc^ ink discharge, conriprlsing the steps of: 
forming a first photosenslthfe material layer for Irik channel fonhation, on a substrate liearing thereon 
the energy generating element; 
a exposing the first photosensttiveniaterial layer to a pattern for Ink channel forira 

forming a second photosensitive material layer on the first photosensitive material layer; 
exposing the second photosensitive material layer to a pattern for formatkm.'Of ink discharge opening 
and ink supply opening; and 
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developing the first and the second layers of photosensitive materials. 
Still anotherobject of the present Inventioh is to provkJis a method for producing a liquid-discharging record- 
ing head including an ink discharge opening, an ink channel connimunicating with the ink discharge opening, 
and an eneigy generating element provided correspmding to the ink channel and adapted for generating 
5 energy to be utilized for ink discharge, comprising steps of: 

fonmlng a first photosensitive material layer for ink channel formatton on a substrate bearing thereon the 
energy generating element and the ink supply opening; 

exposing the first photosensitive material layer to a pattern for ink channel formatksn; , 
forming a second photosensitive material layer on the first photosensitive material layer; 
. io exposing the second photosensitive material layerto a pattern f(>r formation of the ink discharge opening; 

■ and . 

devek>ping the first and second layers of photosensitive nrmtarials. 
Stfll another object of the present invention is to provide a method for producing a ilqutd-discharging record- 
ing head including an Ink discharge opening, an ink supply opening, an Ink channel communteating with the 
15 Ink discharge operiing and the ii^ supply opening, and an energy generating element provkfed conre^bnding 
to the ink channel and adapted for generatbig energy to be utilized for ink discharge, comprising the steps of: 

A) forming a first photosensith^e material layer for inkphaiin^ formation connposed of a thermafly crosslink- 
able positive resist on a sut>strate bearing thereon the energy generating element, themially crosslinking 

' the resist, and exposing the crossllnked first photoseinsitiye material layer to a pattem for ink channel for- 
* 20 ■ mation t»y an ionizing radlatton; 

B) fonming a second photosensitive material layer composed of thermally crosslinkable positive resist on 
: the exposed first photosensitive material layer, thermally crosslinking the second photosensifive mat^al 

layer, and exposing the crossllnked second phdosensiti ve material layer to a pattem for formatton of the 
ink discharge opening and the ink supply opening by an ionizing radiation; and 
25 C) developing the latent images fomned. by the pattern-wise exposures. In the first and second photosen- 
sithfe material layers; 

wherein the steps A, B and C are conducted In successive order. 
Still another object of this present Invention b to provide a rriethod for producing a liqukl-discharging reoord- 
^ r ing head Including an Ink discharge opening, an Ink channel communicating with the ink discharge opening,- 

30 and an eneiigy generating element provided corresppndirig tp the ink channel and adapted to generate energy 
' to be uhlized for ink discharge, cornicing the steps ofr^^^^^^ .\^^ 

. A) forming a first photosensitive material layer for ink channel fonrnatton 
' atrie positive resist on a substrate bearirigthereoii the eh^ 
ing, themially crosslinking the resist, and exposing t:he crpssliiiked first photosensitive material layer to a 
35 pattem for ink chann^ formation by an bnizing r^diatbn; 

' . ' B) forming a second photosensilh/e material layer composed oiF a thermally crosslinkable positive resist 
on the exposed first photosensitive material layer^ therniaily crosslinking the second i^otosensidve ma^ 
terial layer, and exposing the crossllnked second phcdiosensithre material layer to a pattem for formation 
of the Ink discharge opening by an bnlzlng radiation; and 
. 4a . : C) developing the latent iiriages fonried, by the pattern-wise exposure, in the first and second photosen- 
. sitive material layers; 

wherein the steps A. B and C are conducted in successive oixler. 
sun anotherobjectof the presentlnventionistopinovldearnethodforpir^^ 
^g head including an Ink discharge opening, an ink supply openir^, an Ink channel communteating with the 
. 45 ink discharge opening arid the ink supply opening, and an eriergy generating element provided corresponding 
to the Ink channel and adapted tor generating energy to be util ized for ink discharge, comprising the steps o^. 
^ A) forming a first photosenslthfenuiteriallayerfor ink channel tonriation TO 

- at>le positive resist on a substrate bearing thereon the energy generating dement, thermally crosslinking 
the resist, and exposing the crosdinked first photc^ensitKre material layer to a pattem for Ink channel tor- 
so matlon by an ionizing radlatton; 

' B) forming a secx>rid photosensifive niaterial layeir con^ 

on the exposed first photosensitive material layer,. thermally crosslinking the second photosensitive; ma- 
- terial layer at a crosslinking temperature not exceedir^ that of the.flrst photosensitive material layer, and 
' exposingthecrosdinkedsecondphotoserisitiven^aterialiayertoapatternfbrfonnat^ 
: . \ - 0ff .- opening and the Ink supply opening k>y an Ionizing radiation; and 

C) developing the latent Images formed, t>y the pattem-wise exposures, in the photosensitive material 
layers; 

wherein the steps A. B and C are conducted in successive order. 
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StQi another object oif the present invention Is to pioy^^^ producing a liquid-discharging record- 

ing head including an ink discharge opening, an inic ch^nbi coiimunlcating with the ink discharge openbg. 
and an eneigy generating dement provided cori^p<HVdir^ ^ the ink channel and adapte»d for genetating 
energy to be utilized for Ink discharge, compfising ttie stej^ of: 

A) forming a first photosensitive materia! layerfor irikcliannei formation composed of a thermally crosslink- 
at>le positive resist on a sut>strate t>earing thereon the eneigy generating element and the ink supply open- 
ing, thermally crosstinking the resist, and expoalhig the ciosslinked first photosensitive materia! layer to.a 
pattern fn- ink dianriel fbnmatk>n by an tontzing radiatkm; 

B) fonming a second photosenaitSve material layer composed of a thermally crosslinkable . positive rasist 
on the exposed first phofosensith^ mat^ial layer, themnally cipssitnking the second photosensitive ma- 
teria! layer at a crosslinking temperature not exceeding that of tiie first photosensitive material layer, and 
exp<»ing the crosslinked second photosensitive mdteiial layer to a pattern forfonndtkni <tf the inkdischaige 
opening by an ionizing radiation; and 

C) devetoping the latent images formed, by the pattenvwise exposures, in the photosensitive material 
layers; 

wherain the steps A, B and C are conduced ih successive order. 
Sti! another object of the present invention is to provide a method few producing a liquid-discharging record- 
ing head comprising: 

a first step of forming a first positive crosslintoble;p^^^^ inaterial layer containing an epoxy 

group on a sutistratia bearing thereon an ink discharge em thermaliy crosslinkirig the 

first positive photosensitive materiai layer, and expc^lhg^^ crosslinked fai^ positive photosan^tiye 

inaterial layer to light, thereby forming a latent Inre^e # liquid channel; 

a second step of fonfhing a second positive bros^iihka^^ photosensifwe material layer containing epo^ 
group on the first positive photosensitive materia! I^y^r in which die latent Image is formed, thermally crossjink- 
Ing the second positive photosensitive materia! layer^and exposirig the crosslinked second positive ptiotoserit- 
sitive material layer to light thereby forming a latent image of a liquid discharge opening; and 

a third step of developing the first and the second positive photosensitive material layers containing laterit 
images therein, thereby fcxrming the ik|iikJ channel and the Ijquld discharge opening. 

Stii another object of tiie present Inventfon is to provide a^method for producing a liquidHdischarging reocHX):: 
ing head including an ink discharge opening, an ink supply: ppening, an ink channel communteating wfth the 
ink discharge opening and the ink supply opening, and an ehefrgy generating dement provided correspondlrig 
to the ink channel and adapted for generating energy to be utiiized for ink discharge, comprising the steps of: 

forming a fir^ photosensitive materteil layier for Ink channel formation composed of a tiiermaQy crosslihk- 
aUe positive resist sensitive to an ionizing radiatbn ori a substrate bearing the energy generating elentent; 

insotubnizing the first photosensitive materiai Ja^r by crosslinking; 

exposing the Insolubilized first photosensitive rnaterial iiayer to a pattern for Ink channel fonrnation by an 
ionizing radiation; •.•v:,:'::'f' 

forming a second photosensitive material laye^/ser^ to light of a main emisston wavelength of 300 
nm or longer, on the first photosensitive material layer; ; 

exposing the second photosensitive rnaterial layer toi a pattern for formation of the ink discharge opening 
and the Ink supply opening by light with a main enii^lpn Viravelength of 300 nm or longer; and 

devefoping the first and second photosensitWe material layers. 
Stat another object of the present Invention is to provide a method for reducing a liquid-discharging record- 
irig head Including an ink discharge opening, an Ink channel conrTmuriicating with the ink discharge opening, 
and an energy generating element provided corresponding to the ink channel and adapted for generating 
energy to be utilized fDT Ink discharge, comprising the steps of: 

forming a first photosensitivs material layerfor ink channel formation, composed of a thermally crossjink- 
at^e positive resist sensitive to an iortizing radiation, one substrate bearing thereon the energy generating ele- 
inent and an Ink supply opening; 

Insdubllizing the first photosensitive material layer t>y crosslinking; 

expodng the Insolubilized first photosensitive material layer to a pattern for ink channel fonnatiori by ari 
tonizing radiatkm; 

forming a second potoserisltive material layer sensitive to light with a ma^^ 
nm or tonger on the first photosensitive matwial layen • 

exposing the second photosensitive material layer to a pattern for fomation of the ink discharge opening 
by light with a main emisston waveiengtii of 300 nm or longer; and 

developing the first and second photosensitive material layers. 
Stll another object of the present invention is to provide a method for produdng a liqukl-discharging 
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recoridng head including an ink discharge opening, ari ink supply opening, an ink channel communicating with 
the ink dischaige opening and the ink supply opening, ^nd an energy generating element provided ccHrespond- 
big to the ink channel and adapted for generating energy to be utilized for Ink discharge, oomprisinjg the steps 
of: ■ • . •. ' 

s fonning a first negative photosensitive matenaliaye^/for ink diannel fomnaton, having a predetermined 

photosensitive spectral region, on a sutsstiBte l>earir^^^ 

exposing ttie first photosensitive material laybf tpij iSKattem for Ink channel formatton within the predeter- 
mined photosensitive spectral regton; 

fonning, on the first photosensitive material layer, a second negative photosensitive material layer with 
io a photosensitive spectral region different fmm that of Uie first pM 

exposing the second negative photosensitive material layer to a pattern tbrformatton of the Ink discharge 
opening and the Ink supply opening in the dififersnt photosensitive spectral region; and 
developing the first and the second photosensitive material layers. 
Still another object of ttie present invention Is to provide a method for producing a llquki-discharglng repord- 
« ihg head including an ink discharge opening, an ink supply opening, an ink channel communicating witti the 
mk discharge opening and the ink supply opening, and an energy generating element provided corresponding 
to the Ink channel and adapted for generating energy to beiitillzed for Ink discharge, comprising the steps of: 
fbmiing a first negative photosensitive materiaj layer fbr ink channel formation on a substrate bearing 
. thereon the energy generating element; 
20 . . / exposing the first photosensitive material layer tdi:a;Pattem for ink channel formation; 

fbrnrilng, on the first photosensrth^ nrtateriai js^y^^ ' a^s^ negative photosensitive material layer pf a 
- ' . gelation sensitivity different from that of the fffst phbtosensitive layer; 

exposing the second photosensitive material jayertoia pattern fb^ of the Ink discharge opening 

and the ink supply opening; and vwCvv^ 
25 developing the first and tiie second photosi^n^^ 

StBI anottier object of the present invention Is to piriovid^^^a 
ing head Including an ink disdiarge opening, an ink supply opening, an ink channel communicating wB:h the 
ink discharge opening and the Inic supply opening, ar^^^^^^ generating element provided corresponding 

to the Ink channel and adapted for generating eneiigy, to be utilized fG«r ink disch9rge, comprising the steps csf: 
^ 30 tonming a first negative photosensitive material layer for ink channel formation on a substrate t)iBaiing 

thereon the energy gen^trig eiement; 

exposing the first photosensitive material layer to ia pattern for ink channel formation; 
fonning, on the first photosensitive materlsd layer, a second negative photosensitive material layer of an 
. average molecular weight larger tiian that of tiie first photosensitive material layer, 

39 exposing the second photosensitive material layer to a pattern forfoimation of the ink disciiarge opening 
and the ink supply opening; and 

. . developing the fast and the second photosensitive niaterial layer. 

StII another object of the present invention is to provide a irnetiiod for producing a liquid-discharging record- 
ing head including an ink dfscharge opening, an ink supply opening, an ink channel communicating with the 

40 ink discharge opening and the ink supply opening, anti an erie|^^ genterating element provided oonresponding 
to tiie ink channel and adapted for generating energy tb lie utilized fbr Ink discharge, comprising the steps of: 

fonning a first negative ptiotosensitive materiiaii layer for ink diann^ formation on a substrate t>earlng 
• . tttiBreon the energy genrsatlig elenrtent; 

exposing the fa^t photosensitive material iayert^^ 
: 45 forming, on the first photosensitive material layer, a secpnd negative photosensitive material lay^ con- 

, teining a larger amount of photopolymerization Initiator th^n in the first photosensitive material layer; 

exposing the second photosensitive material layer to a pattern fcu-fonmation of the Ink dischaige opening 
and the ink supply opening; and > 

devetoping the first and second photosen^ttve material layers. 
so t Still anotiierobjectofthepreseminvention Is to provide a method for producing a llquM-dls^ 
- - • ' Ing head' including an Ink dischaige opening, an ink channel .communicating with the Ink discharge opening, 
and an energy generating element provided corresponding to the Ink channel and adapted for generating 
; - energy to be ufallzed for ink d1scfiarge,-oonriprising the steps ^^^^ 

forming a first negative photosensitive mat^al layer for ink channel formation, having a predetermined 
55 ' photosensitive spectral region, on a substrate tiearing thereon tfie energy generating element and the ink sup- 
: . ply opening; 

exposing the first photosensitive material layer tp a pattern for 1^^ 
rrtined photosensitive spectral region; ./'*'^. . 
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forming^ on the first photosensitive material layer, a second negative photosensitive material layer with 
a photosensitive spectral region diflerent from that of the fir^ photosensitive material layer, 

exposing the second negative photosensitive materied layer to a pattern forfonmation of the inkdischarge 
opening in the different photosensitive spectral region; and 

developing the first and the second photosensitive rhaterial layers* 
St9l anotherobject of the present invention Is to provide a method for producing a liquid-discharging record- 
ing head Induding an Ink discharge opening, an Ink channel comrnunicating with the Inkdischarge opening, 
and an enetgy generating element provided corresponding to the ink chemnei and adapted fbr generating 
energy to be utilized for Ink discharge, comprising .the steps of: 

forming a ftfst negative photosensitive mat%1al layer for ink channel formation on a substrate t>earing 
thereon the energy generatfaig element and provided therein v»th an ink supply opening; 

exposing the first photosensitive material layer to a 

forming, on the fust photosensitivematerlai layer, a second negative photosensitive material layer of a 
gelation sensitivity to tiie exposing light difforent^rh that of the first photos^^ . / 

exposinjgi the second photosensitive material layer to a pattern forfonnation of the ink discharge opening; 

and 

developing the first and the second photosensitive material layers. 
Stil another object of the present invention is to provide a method for producing a liquid-^discharglng r^xvd- 
ing head Including an Ink dischaige opening, ah ink channd^ coriununicating wrf^ discharge openinsj, 

and an energy generating dement provided corresporiding ^tD the Ink charinel and adapted for generating 
eneiigy to be utilized for ink discharge, comprising the stef^ cf^^^ 

forming a first negative photosensitive material layer for ink channel formatbn on a sutistrate bearirig 
thereon the energy generating element and tte ink supply bpening; 

exposing the first photosensitive material layer to 

forming, on the first photosensitive material jayer^ a^second negative photosensitive material layer of an 
average molecular weight larger than that of the tir^ jphotosensitive material layer; 

exposing the second photosensitive material layer to a pattern forfomriation of the Ink discharge opening; 
and ' • " J:;*- r ■;, .7 

developing the first and the second photoserisitiye 
Still another object of the present Invention is to.prbyjde a method for producing a liquid-discharging record- 
ing head induding an ink discharge opening* an ihk chiannei communi with the ink discharge opening 
and the Ink supply opening, and an energy generatinj^ elernent provided corresponding to the ink channel and 
adapted for generating energy to be utBized for Ink discharge, comprising the steps of: 

forming a first negath^e photosensith^e material layer for ink channel formation on a substrate bearing 
thereon the energy generating element and the Ink suppjy opening; 

exposing the first photosensithre materfeii layer to a.pattem for ink channel forma^n; 

forming, on the first photosensitive material layer, a second negative photosensitive rnaterial layer ooiri- 
teining a larger amount of photqpdymerization Initiator thari in the first photoseiisitive material layer; 

exposing the second photosensitive material layer te a patterii for formation of ttie ink discharge opening; 

.and^ ■ 

- devetoping the first and the second photosensitive material layers. 

Stil another object of the present invention is to piroyicje a method for producing a liquid-discharging record- 
ing head Including an ink disdiarge opening, an ink supply opening, an ink channel corninunlcating with the 
Inkdischarge opening and the ink supply opening, arid an energy generating element provided corresponding 
to the ink channel and adapted for generating energy to b^ utilteed for ink discharge, comprising: 

A) a step of forming a first photosensitive material layer domposed of an uncrosslinking resist on a sut>strate 
bearing thereon the energy generating element^ e)qp|Osing the first photosensitive material layerto a pattern 
forfonnation of tiie ink dischsffge opening and thje ink channel along the eneiigy generating element, and 
devetoping ttie first photosensitive material layer jfioreby dissoh^lng the removing the material layer except 

: for the portions conesponding to the ink discharge ppe^^ 

B) a step of laminating a second photosensitive rnaterial layer composed of a thermally crosstlnkable posk 
tive resist on the substrate bearing thereon the portbns ooiresponding to the ink discharge opening and 

- the Ink channel, thermally crossiinking the second photosensitive material layer, and exposing the layer 

- to a pattern for formation of tfie Ink wpply opeiilrig l)y an ionizihg rac^^ 

C) a step of developing and rennoving the uncrossllnked resist corresponding to the Ink channel and. the 
ink disdiarge opening, and the latent image formed by tiie pattemwise exposure for formation of the iKk 
supply opening; 

wherein the steps A, B and C are conducted In Recessive order. 
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FuiUiOTTiore, the present invention indudes a liquid-dtechargi^ recording head produced by any of tiie 
foregoing methods. . ;v1c^ 1^ » 

Furthermore, the present invenUon includes a relpcuxJIng apparatus equipped with the recording head men- 
tioned above. • ^O-?--. • 

BRIEF DESCRIPTION OF THE PRAWiNGS 

Fig. 1 is a schematiG perapective view of a substnata prior to the fomiatlon of the Ink channel and the Ink 
discharge opening; 

Fig. 2 Is a schematic perspecthre view of a sutistrate after the fonhaUbn of a first photosensitive material 
layer; 

Fig. 3 is a schematic perspective view of a patlemwlse exposure to be applied to the first photosensitive 
material layer; 

Figs. 4 an 5 are schematic perspective views showing the state of coating and exposure of a second photo- 
sensitive material layer; 

Fig. 6 is a schemata perspective view of pattemwise latent images of ink channel. Ink discharge opening 
etc; 

Fig. 7 Is a schematic perspective view of a recording head provided with Ink supply means; 
Fig. 6 is a schematic perspective view of the :StrfifC^re^ after, image development of a reocwding head in 
which the ink supply Is conducted from the oppd^ta sUi^ of substrate, with raspect to the ink d ischargli^ 
direcfion; • y 

Fig. 9 Is a schematic perspective view of a recording ^1^^^^ provided with ink supply means; 
Fig. 10 Is a sch^atic perspective view of a principal part of a liqukl-dlsdiarging recmilng. apparatus^ in 
which the recording head of the present invention is movntable; 

Figs. 1 1 and 12 are DSC charts for measuringthe crosslinking temperature of crosslinkable positive resist; 
Fig. 1 3 is a schematic perspective view of a sub^te, prior to the formation of Ink chanh^ and Ink dischange 
opening, in an emtx^dtment of the head producing method of the present invention; 
Fig. 14 Is a schematic lateral cross-sectional view of tiie substrate, after the formation of a first phofebseii- 
sitive material layer, in an embodiment of tiie heiad produdng method of the present Invention; 
Fig, 15 is a schemata perspective view of a state alter the of a pattmiwise latent Image in a first 

photosensitive material layer, in an embodiment of the h^d producing method of the present inventibn; 
F^. 16 Is a schemata perspective view of a state aflerthe development of said pattemwise latent imaige. 
In an entx>diment of the head producing niethod of the present inventibn 

Fig. 17 is a schematic lateral cross-sectional view showing the laminated state of a second photosensitive 
material layer. In an embodiment of the head producing metiiod of the present invention; 
Ftg. 18 is a lateral cross-se(^ional view showing the ktate of a pattemwise exposure to a second photo- 
sensitive material layer ttirough a mask, in an embodlment.o^ tiie head producing method of the present 
invention; \ vVi^^-^ '^^^ 

Fig. 19 is a schematic lateral cross-sectional view shoviring a patte Ink supply open- 

ing formed in the second photosehsith^e material layer/ in an embodiment of the head producing method 
of the present inventran; and 

. Fig. 20 is a lateral cross-sectional view of a Ik)ui(j-<lii^hafging recording head produced by ims^e devddp- 
ment, in an embodiment of the head producing rneihqd of the present Invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS . 

Now tiie present Invention will t>e dariTied in detail by preferred embodiments thereof shown In tiie attachiBd 
drawings. 

Figs. 1 U> 7 are schematic perspectWe views showing the mettK>d for reducing a Ikiuid-dlscharging record- 
ing head of tiie present Inventton. The recording head of the imsent Invention Is prepared on. a substrate 1 
shown In Fig. 1 . The substrata 1 is composed for example of glass, ceramtes, plastics or metals, senr Ing as a 
part of components constituting an ink Oquki channel to be explained later and also as a supporting member 
for photosensitive material layers also to be explained jatear, and Is not limited in shape or material as long as 
the above-mentioned objectives are satisfied. The substrate^l is provided thereon with a predetemiined nujnt>er 
^o in the illustration) of enei>gy generating elements-fbrjoienerating enerigy to be utilbsed for ink disctiarge, 
such as electrottiermid oonvert^g elements or piezd^edHc elenwnts. The ink Ttquld discharge is achieved t>y 
the supply of the energy, generating by the en^gy generating element, to the ink liquid. The Ink IkfukJ disdiarge 
b achieved, in case the energy generating element 2 .is ,p^^ of an electrothermal converting element, 
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by the heating, by the element, of the ink liquid present in tile vicinity of the element, and, In case the element 
2 Is composed of a piezoelectric element, by mechanical yitMration thereof. 

These elements 2 are connected to electrodes (nbt shown) for enteiing control signals for acthmtihg ,the 
elen^nts 2. It Is also possible to provide various fun(^pndl jayers, such as a protective layer, for example ori 

5 the elements 2, for the purpose of improvement of the; s^ thereof. 
1lien, as shown in Rg. 2, afirst photosensitive mkt^^ 
with the energy generating elements 2. The phbtosehsitive nhtaterial layer 3 may be formed for exanr^^ie by sol- 
vent coating method of solution containing a photosenstti^ mafaristf , or tiy laminating a dry f3m containing ttie 
photosensitive material on the substrate. 

10 The solvent coating method consists of coating the siit^trate vurfth the solutipn of photosensitive nriaterv^l 

tyy means of a spin opater, a roller coater or a wire t>!ar, and then renioving the solvent to obtain a layer of the 
.-photosensitive material. 

The photosensitive material layer 3 can be composed of ordinarily used photosensitive resins. The phc^ 
sensitive materials can be in general dassified into negative type in which an area irradiated with i'^ht remains 
IS after the develofxnent, and podtive type in which an area irradiated with light dissolves after the development. 
Also they can be classified into those sensitive to ultraviolet or Visible light, and titiose ^nsitive to ioni^ng radi- 
ations such as deep UV light, electron beam or X-ray. - - 

Examines cjf negative type resist material for Ionizing radiation include polymers including unsaturated dou- 
ble t>ond in the oKileGular stnjcturB, compounds with eppxy radicals, silicone polymers and vinylic polyn>^rs 
. 20 With a hydrogen atom at a-posStion. More specifically, e)^mples of the polymer including an unsaturated doubie 
bond in the molecular structure Include rubber pplyrrore such^^^^^ or pdyisoprene, cydt^ed com- 

pounds thereof, dtarylphttialate resin, allyl esters of dVkyKrin)iether^ anhydride copolymers, pdyvinyldn- 
. hamate, unsaturated pdyesters, and polymers indudihg a^^^ or niettiacrylic unsaturated.double bond In 
a branched chain. ^: ?r ; > 

•25 Such acrylic or methiacryllc unsahirated dcHible bon^^^^ be Introduced by the reaction of a cpmppund 

• having OH, Isocyanate, hydroxyl or epoxy radical wH^ in^ac^ic or acrylic acid. Such acrylic compounds are 
widely employed for the high sensitivity thereof. • 

Also examples of the compound having epoxy radical Include epo;^ resins obtained by reacting a pdymer 
such as phenol novolak resin, cresol novolak resln'orpdyvinylphend witii epichlorohydrin, epoxy rubber such 
30 as epoxypolybutadlene, and epoxy resins obtained by reaictihg copdymerized resin of hydroxyaIkyl(meth)adry- 
^ late or (meth)dcrylio add with epidilorohydrin. 

Also examples of the silicone polymers include straight-diain silicone resins such as pdymetti^slloxane, 
pdydiphenylsiloxane or pdyvlnylsOoxane, and ladder type silicone resins such as polymethylsilsesquloxan^, 
pdyphenylsflsesquioxane of polyvlnylsilsesquioxane. 
3S Also examples of the vinyl pdymers having a hydrogen atom at the a-position indude poly>rinyl chloride, 

■ pdystyrene, polyvinytcartsazde, poiyvinylphelocene, polyacr^amide, polyvinyl phend and halogen or haloge- 
nated alkylate such as polys^ene, polyvlnytcarfoazole, pdyvinylnaphthalene and polyhydroxystyrene. 

These pdymers, stiovinng gellation by k>nizlng radiation, may be used as rieHgative type photoresist, but 
they may be added with an azide or bisazide compound or ari onium salt to be explained later, for lipproybig 
40 the sensitivity. f 

Also ttie negative type resists for ultraviolet or visible lighrt are obtained by adding a photopdymerizatibn 
initiator for ultraviolet or visible light, a photocrbsslihldhg af eifit etc. to the atK>ve-mentioned negative type res- 
ists for ionizing radiatk^n. 

The pdyrners having an unsaturated double t»n(j in the rh^^ structure can be given a sensitivity to 
45 ttie ultravtolet or visible light by the additloh of a jpih6topblymertzatk)n initiator or a photocrosslinking agent 
. Examples of said photopolymerizatk>n Initiator indude diketones such as benzHe, 4,4'-d'nnethoxybenzlle, 4^'- 
dlmethylbenzlle or 4,4'-dihydroxybenzne; thioxahthone derivatives such as thioxanttione, 2-chloro-thfoxaiv 
tiione, Isopropyltiiloxanthone, 2/l-dietf)ylttiioxanthon0 or 2,4-dllsopropylthioxanttionB; photosensitive dyes 
sudi as 7-dlethylamino-3,3'-cari£)onylbiscouniarfne; a^^ 
50 Examples of ttie photocrdsslInMng iagent indude azkles and bisazldes. Such azIde or bisazide can 

crosslink a polymer having ari unsaturated double boiid In the rhdecular stmcture or a vlnyllc polymer tvavtng 
a hydrogen atom at the a-pos!tion, by hydrogen extraction of nitrene, thereby attaining a negative type property. 
. Examples of such azide and bisazide indude p-azkie-benzaldehyde, p^azkie-acetophenone, p-a^e-benzolc 

• •^•add, p-azkJe-t)erizalacetophenbne, p^azide-tienzatacetbne, 4,4'-dtazidecaicone, 1,3-bis«4'-iazide-ben- 
S5 zaiacetone, 2,6-bi&4'-^de-t>enzalcydohexanone, and 2,6^fe-4'-azkiebenza}-4,4-methyt(^dohexanone. 

- Also ttie polyrriers having ah epoxy ring in the rndecularstnjc^^ 

ultraviolet resists by the addition of a cationic photopblymeri^ Initiator such as an onlum salt Examples 
. of the onlum salt indude diphenyl iodonium sd^ ~^cH as .diphenyiiodonlum hexafluorophosphonate or 



8 



EP0491560A2 



diphenyliodonium hexafluoroarsenafe. 

The positive type resist can be cmiposed of positive type photoresist oonsl^g of a mixture of adkali^u- - 
ble re^n such as novolalc resin or poly^diiytphenoi and a qiiinpnedjazide compound. 

The positive resi^ sensitive to ionizing radiatioh can be' a resist consisting of a mixture of ail^-soluble resin 
5 such as novolak resin or potyvinyiphenoi and an oiefinsulfbne compound such as 2-inethylpentene-1^suifone, 
or a positive resist composed of resin decomposable -by Ibhiidng radiation. 

Examples of such resin deooniposable by fontdng /r^dlalion include polymethacrylice^ers such as 
polymethyi methacryiate* poiyphenyl methac^latei pbly-ivturtyl methaoTiate or polyhexaffuorobutyl methao- 
lylafe; vinylketones such as pdyvinylketone, poiyisdprbperiytketone or potyphenylketone; olefinsulfones such 
. fo as polytnitene-1-sutfone or poly-2-methylpehtBne-1-sulfbhe; and pdymers having an atom or a radical other 
than hydrogen at the a-position such as polymethaK^iyiaiiriide, pdy^jtHsyanoacrylate or poly'<]c-methylstyrene. 

According to the present invention, a mask 4 for irik channel fonnatton is overiaki as shown in Rg. 3 on 
the first photosensitive material layer 3 formed as^expialned above, and light irrad^tton is given in a dffectzon 
A, whereby a latent image 6 of the pattern of the ink channel is formed In the first photosensitive material layer 
16 3. the exposure may be conducted in a collective exposune through the mask as explained above, or by direct 
writing wi^ an electron or k>n beam. Also the exposure may be conducted not only by the ultravblet light 
. employed conventionally but also by any radiatkui capable of patterning the photosensitive material, such as 
deep UV light, exckner laser, electron t>eam or X-ray. 

On the photosensitive material layer 3 In which the latent image of the ink channel is patterned, there \s 
20 fonmed, as shoym in Rg. 4, a second photosensitive material l^ayer 5^ 
Tlte second photosensith^e nriateriai layer 5 may be t>a^lc^iiy co^ 
rials mentioned above. However, the photosensitive materiat$ constituting the first and the second layers have 
' to be so selected that they do not mutually affect in the steps of formation of photosensitive materiai layers and 
exposures thereof. For example, at the foiniation of ttie s^^ 
25 sensitive matenal layer 3, there Is required a measure for ayd^ the influence to the first layer 3. The influence 
to the first layer 3 can be made very llttie if the second J^isr 5 b fonmed by lamination of a dry film resist Also 
the solvent coating method may be employed if the itijateriajs^TO^ the first and second layers have dif- 

farent solubility characteristics. For examine, the» first tiav^^ 3 niay be conposed of a mater^ sohible In a 
strongly polar solvent such as water or alcohol, anfd tbe |se^ to be coated thereon may be composed 

" 30 of a materiai sdutde in a non-polar solvent sudi as ar^^ so as not to dissolve the first layer 3. 

Furtiienrnnie, even if the first and second layers are cb of same or simBar materials, the two-layered 

stmcture can stai be obtained for example by a method of a thin coating of a sllane coupling agent on the surface 
of the first layer 3, or by a method of applying a suitalile heat treatment to the first layer 3, or by a method of 
heating the first layer 3 in atmosphere containing a silicon compound. 
35 The two photosensitive material layers 3. 5 famed jn the above-mentkined manner are sutsjec^d to a pat- 
terned exposure for formation of the ink discharge openings and tfie ink supply evening as shown in Fig. 5. 
That Is, a mask Is placed on the photosensitive matsrial \3y& 5, and light irradiation is ghreii firom above thf 
mask (directton B In Fig. 5), whereby, as shown In Fig. 6, a latent imiage 8 in the pattern of the ir^ discharge 
openings and a latent Image 9 in the pattern of the Ink supply opening are fomied in the photosensitive material 
40 layer 5. The pattern exposure can be conducted in a similar manner as that for the first photosensitive material 
layer 3, but it should be conducted in such a manner tiiatthie light for the expoisure of the second photosensitive 
material layer 5 dosfS not affect the first photosensitive nf^teri^ 
. paration of the flquki-discharging recording head of the^^^^^ 

3. More specifically, since the pattems of the Ink discharge openings are smaller tfian that of the ink channel, 
" " 45 the light for forming the pattern of the ink discharge opeihihgs;does not cause problem even if it aifects the first 
layer 3, when the second and fkst layers 5, 3 are cc^nr^siiised'of ^^^^^ materials. However, in other domh 

binations of materials, for example a |>o^tJve ^pe first lay^ 3 and a negative type secckid layer 5, or a negative 
type fBSt layer 3 and a positive or negative type ^pond layer 5, tiiere is rciqiiired a measure lor avoiding the 
influence of the light for forming the pattern of the iiik^dlschairg on the first layer 3, such as tlie use 

so of different photosensitive spectral regtons ^- of different j^^^ Illustration In Fig. 5 Is based on the 

assumption that the first and second photosen^tivematerlal layers 3, 5 are both positive type. 

A block 10, obtained by laminating the first plioiosensitive material layer 3 and the second photosensitive 
material layer 5 in succession on the substrate 1, is then subjected to a development process for dissolving 
the latent image porttons 6, 8. 9, wheret>y, as shown in Fig. 7, the ink channel 1 1 , ink discharge openings 12 
55 and Ink supply opening 13 are fonmed. The ink-discharging recordii^ tiead of the present invention is thus for- 
med. The first and second layers 3, 5 are coSectively.developed if the photosensitive materials constituting the 
layers are developat)le by a same developer, but are devebp^^d in ^ccessbn fc^ 

if they cannot l>e developed by a same deveiopa-. In case of the liquid-discharging recording head shown, in 

. - . 9 - . - 



Fig. 7, as the liquid dschaiging direction and the ird^^^pply opening are posftioned on tlie same side of the 
substrate 1 , ft Is preferable to at fast develop the upper second layer 5 and then to develop the lower firet layer 

"3, - . 

In the recoridng head shown In Fig. 7, the ink supply Is rendered posslUe by providing a c^nection mmiber 
5 14 for ink sup^rfy. 

On the other hand, a tiquld^lscharging recording head simvn in Fig. 8 has an ink supply opening 13 penet- 
lating through the substrate 1 , and the head of such structure <ian t>e obtained by fbnming ^ first photosehisiitive 
nrtateriai layer on a substrate already provided thereon wHh the ink supply opening and the energy generating 
• elements, exposing the photosensitive material layer to the pattern of an ink channel connecting the ink supply. 
. fo opennig with the energy generating elennents, then forming a second photosensitive rhaterial layer, exposing 
the second layer to the pattern of ink discharge openings, sirid finally developing the first and second photo- 
sensitive material layere. In such process, the pattern estposuie Is preferably conducted In such a manner that 
the ink discharge openings are substantialty positionteid on the energy generating elements. 

In such recording head, the ink supply is rendered possible by various methods, by providing an ink supply 
.15 member 15 as shown hi Rg. 9^ and the liquid-dischaiglng reboiding head can be realized In simpler manner. 
Naturally the ink supply may be achieved by other nrieiuis or other structure. 

In the present embodiment there is shown a liquid^tiii^arging recording head with two liquid dischaige 
openings, but a high-density multiple array liquid-discharging recording head, provided with a larger numt>er 
of discharge openings, can also be prepared in a similar niahner. 
20 In the following there wll be explained another eiribodiment of the present invention. 

The present inventore have reached the present emfcMOdiment through a finding that a pattem of a liigh 
aspect ratio with littie so-called film thldoiess loss at the image development can be obtained by constituting 
the recording head with tiiennally crossiinkable positive resist and thenmally crosslinking ttie same prior to tine 
. latent image formation, whereby a recording head with a tiigh Ink rssistance and a suffteient mechanic^ 
.25 • strength can be obtained. 

The crossiinkable positive resist adapted for use in the present embodiment is a vinylic (Miymer indudig 
a structural unit decomposable by light exposure and a stfiidural unit capable of crossiinklng, as represented 
' t>y the following general formula: - , : . - . 



so 



$5 



- ( CH^-C ) - ( crosslinkabii^ . structu unit ). -r 



wherein R, R' stand for skJe chains other than hydrogen atoms. 

Examples of the decomposatde strudural unit Indude methacrylate estere.such as polynrtethyl methacry- 
late, polyethyl methacrylate, poly-isopropyi methacrylate, poly-n-butyl methacrylate or polj^ten-tHJtyl methac- 
rylate, poiy-a-methylstyrene, pdlylsobutylene, potymethyiisopropynyDcetone, poiyvinylketpne and 
40 pdyphenyilsopropynylketone. 

Also examines of the crossiinkable ^ctural unit indude polymethacryic acid, acid chloride tiiereof, ar>d 
alkyi estere thereof. Among those cited above, methai^yls^ estera are |»eferred as tiie decomposable struc- 
tural unit in consideration of the sensitivity, and pdymechacrylic add or add chtoride thereof is preferred as 
the crc^sHnkable structural unit, in consideration of ease of crosslink^ 
45 The molar ratio of the oosslinkable unit and the decomposable unit in.tiie copolymer is preferably in a range 
. f[<m 1 : 100 to 100 : 10. In the following there are shcwri certain pdymere as examples of the thermally 
crossiinkable poisitlve resist contening the crossiinkable unit and the decomposable unit ln a copolymer struc- 
ture/ but the present emt>odimern Is not lirnited tiy such e^^ 

so : ■ ' ■ '■ • . • ■ . V • • ■ 



10 



EP 0 491 560 A2 



10 



IS 
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0 0 
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C-OR C-OR' 
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CH, CH, 
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C-OR C-OH XL 

II II rr>r^o 

. 0 : 0 \^ 



CH, 

7(CHa-CH-CB,-CH-S0sHr<CH,-Ch. 




40' 



CH, CH, CH, 
-<CH2-CfiHCHa-C)ir-(CH*-CK 

C-Or' COOH C-0-CH,-CH-CH, 
H n \/ 

0 0 0 



45 wherein R. R' stand for alkyi r^icals, and 1, m. n ^and for arbitraiy integers. 

Also titere may lie employed a comptnind in whicli tlie decomposable sbuctur^ 
■ - crosslinlable stnicturai unit, such as polymethylmettiacryiamide represented by the ftdiowing formula: 



so 



■35 



CH. 



I 



CH^-C- 
3 J 



c<xm 



2. . .J p 



wherein p stands for an integer.- 

It is also possibleio oopoiymerfze anther Qbuctural unit, for the puipose of adjusting the physical proper- 
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ties (solubility, film franming ability, glass transition point etc.) of the crosslinkatHe positive resist 

Such themnally anosslinkable positive resists become insoluble in solvent upon heating, by gellatjon result- 
ing from intermoleoularciosslinklsig, and becxmie soluble In solvent by deav Inadi- 
ation by an ioitizmg radiation such as X-<ay, ele<^n team or deep UV light having a prihcia emission 
5 wavdength of dOO nm or shorter. 

In the present embodiment, the photosensitive material layer formed on the substrate as descrit>ed t>efoie 
is r^dered insoluble in the solvent, by themial cros^inMng, whcih ia preferably oonducted for 5 to 60 minutes 
at150''to2^C. 

in the present embodiment, the use of crosslinkable positive resist as the constituent material of the redoird- 
10 ing head provides following advantages: 

(1) There is obtained a wide latitude for the developer (little film thiclmess loss) at the head preparation, 
and a desired pattern with a high aspect ratio ccin be obtained; 

(2) The recording head of the present embodiment has an extrmiely high resistance to the recording liquid. 
Also as the crosslinkable positive resist has a strong crosslinked structure, it has sufficient mechanical 

IS strength as the constituent material of the recording head; and 

(3) Satisfactory adheston te obtained between the first and second photosensitiva rhaterial layers. This is 
presumably because the adhesion can be lihproved for example by pressure as the second photosensitive 
material layer can be laminated on the first photosensitive material layer while it is not developed yet, also 
because of little film thidcness loss in saki layers, and because a crosslinking reacfkin takes place between 

20 the first and second layers. 

In the following there will be explained the detertofatidn adhestein resulting from the iFUm thickness loss. 
. . Because the upper resist layer is coated and exited prior to the development of the lower rieslst layer, 
the lower resist layer may show a film thickness loss at theMi^e develoj>ment, whereby the adhesion t>etween 
the layers may be tost In general, negative resists sh^ a sfnallerfUm thickness after the devetopment than 

29 the film thkdmess after coating, so that the preparatipri bfreoprdlhg head without such film thickness loss is 
reiativety difficult Such negative resists fcm\ a pattern iiiy lntennoleculdr crosslinking, but the sensitivity induc- 
ing gelation by crossiinidng varies significantly by the rnolecular weight of the resist Polyn^er material such as 
resist Inevitably involves a distribution In the molecular weight, and the molecules of bwer molecular weights 
with tower sensitivity are dissolved at the devetopment, thus causing fOm thickness loss. Naturally the film thick- 

30 : . : ness loss can be reduced by a significant Increase in the exposure dose, but an exc»ssh/e ^cposure seriously 

deteriorates the resolving power of the resist 

On the other hand, in positive resists, since the pattem is fornied by the difference in the dissolving speed 
between the exposed area and unescposed area, it is also relatively difficult, in prindple, to totally avoid the flm 
thk^kness loss in the unexposed area. Although the film thtekness loss may be reduced by decreasing the dis;: 

35 solving power of the developer (by reducing pH in case of aMi devetopment or by addition of a nonrsblvent 
ikiuld to the developer), there may result . other drawbacks such as a prolonged developing time, leadhg even- 
tually to a loss In producthfify. 

In contrast, the prraent embodinr»nt is capable of secureily preventing the deteriorated adheston resulting 
from the film thickness loss, by the use of the crosslinkaible posithre resist The crosslinkable resist is for 

40 example based on the prindple reported in the Philips Teed) Re/., 35,41 (1975) and isfonmed by copdymerizlng 
. a thermosettaWe reactive radical to the n«)leciiar chain cff a p^^ pdymer (such as nvethacrylte 

resin). After the fomratk>n of a photosensitive resist layer, the layer |s insolulinized by a thermosetting reaction 
by heating, and a pattem is formed by decompbsirig.thc^crps^ moleaile In a desired position by exposure 
to light The resist shows little fQm thickness loss bec^usei ttfe unexposed area is totally Insokjbiized in solvent 

45 by thermosetting. Also in the preparation of a recording head, there may be require a long developing time 
because the developer is supplied through snriairinkdischarge openings or a small Ink supply opening, but the 
. cros^inkat^e posith^e resists are free from the drawblacks of variation In the head dimenstons resulting from 
the change in developing time, because they are almost free from film thickness loss as explained before. Also 
a stronger dev^oper may be employed for reducing tfiia developing time, without causing the fDm thickness 

so loss, so that the productivity of the manufacturing operation can t>e improved. 

In the following there wlH be explained still another emt)odlmeiit of the present inventton. 
The present inventors have reached the present embo<finient through a finding that. In the preparation of 
a reoonfing head by patterning the components thereof in plural thermaQy crosslinkable positive resists and 
integrally developing the resists, the thenmal crc^inklng operattoris of the resists at different crosslinking tem- 

65 peratures can effectively prevent the resMue In develoiment, resulting from re-ciosslinking of a previously exp- 
osed latent image portkm. 

In the present emt>odiment, the first photosenslth^e material layer, formed on the 8ut>strate as explained 
at>ove, is rendered Insoluble to solvent and given the mechanical strength required, for structural component 
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by thermal crossiinkiag at a cfo^linlung temperate 

The inscdul^lizatibn (gelation) is generally oonduded liy heating for 5 to 60 minutes at 150 tp 220*^0, though 
these oondftions vary according to the compound employed. . : 

Also according to the present embodiment, the second photosensitive material layer, laminated on the first 
5 photosensitive material layer. Is crosslinked by heating at a cros^inklng temperature T2 which does net exceed 
the crosslinking ternperature Ti iw the fast layer. Thus, the second lay«r is crosslihked at a ternperature satisr 
lying a condltkm T2 ^ Ti. It Is therefore rendered p6sep)ie, ett the crosslinldng of the second layer, to prevent 
the re-cro3sllnklng of the latent image of the Ink cha^hnel cpnnesponding to the exposed area (decomposed por- 
tion of mdeculeo* chains) in the first layer, thereby avoiding the drawback of resklue at the developing step. 
-10 * The crosslinking temperatures Jf , T2 have naturally to be selected higher than the crosslinking stert tenrv 
peratures of respective photosensiUve material layers; In the present invention, the crosslinking start tempera- 
ture is defined by a temperaturs at which the crosstthking structural unit starts dehydrertton and dehydrochloric 
add reactioa and Is Identified by a DSC heat abspiptiion peak finltial head absorptfon peak appearing Iri the 
DSC chart, in the measurement with a temperature increasing conditbn of lO^'C/mln. starting frorn the room 
16 temperature). 

The crosslinking start temperature is vaiiabte depending on the structure of varktus chemical components, 
but is principally regulable by the length of the alkyi radioed In the decomposable structural unit (in general a 
. unit with a longer alkyl radical providing a lower glass transition temperature and thus a lower crosslinking tem- 
jserature), and by the add structure In the Grossiinkat>leatnichjrai unit (crosslinking temerature becoming higher 
so in theord^ofcarboxylicaddchlorlde-carboxylicacki -ester). A^^ 

> and fSm fonmlng ability can be regulated by copolymerizing another structoral unit to the atx>ve-mentioned unite. 
The present embodiment can avoid undesirable Influence to the energy generating elemente, because of 
• - at>sence of residue in the development In the exposed area. ; 

In the follovnng there will be explained another embodiment of the present Inventtoh, 
25 : In the aforementbned crossiinkable positive resiste, the reactive radical capable of thermal crosslinking is 
generally copolymer resin of methacrytic acid arid m^thaor^ capable of cros^inking by dehyd- 

rochloric add reactton, or copdymer resin of methacayib^actd bapabie of crosslinking by dehydration readion. 
• - ftowever the crosslinked sbructure involving such a<^d anh^rides tends to be easily hydrdyzed for example 

by alkali, and may be sometimes defecth^e for use as^odrhpohente In the liqukJ^lischaiglng recording head. 
30 More specifically, the recording Ink to be used in such reoo^ head is often maintained at somewhat alkaline 
. state, in order to sat'sfactoriiy dissdve the dyes, there^^ 
reason, the above-nnentfoned crosslinked structure jnypiving add anhydrides may lack satisfactory stability to 
the recoridng ink. 

In consideratton of the foregoing, the present Inventors have rsached the present eml>odlment through a 
35 finding that the lk|uki-dtscharging recording head stable to the ink can be realized by emf^oying epo^ radical 
as the crosslinking radical. Such epoxy radical can be easily introduced by copdymerization of a moncmier con- 
taining an epoxy radical, such as glyddyf methacrylate. Also a thermally cross-linked posith/e resist film can 
■ be easily obtained by adding an already known epoxy setting agent such as aniirie or acid anhydride Co the 
rssin solutfon and apf^ying a heat treatment 
' " 40 ' The unexposed area of the crossiinkable positive resist, being crosslinked by the ttiermal setting reactfon 
and having a high heat resistance and a high mechanical strength, can show satistactory durability even under 
- • 8everranditionsofuse,suchasthoseofthellquid-discharglrig 

by the epoxy radical, it can exhibit a high chemical ststbUfty to'the Ink such as alkaline ink. 
In the following the present embodlmentwill be expjaine^^^^^ 
['46. ot>sslinkable positive resist to be enrployed In the presiant^^^^ 

T\VB crossiinkable positive resist can be obtained iri vanous forms by copdymerlzing a thermosettirig funo- 
tfonal radical to a photodeoomposable pdyrher as ekplalnecl abovie. Examples of said photodecoriiposable 
^. pdymer indude pdymers containing ketone in the mbleculistf^stru^ pdymers containing a SO2 mdecule 

In the main chain, such as polysulfone, vinylic pdyimrs;c»nfialhlng a non-hydrojgen atom at the a-posltlon such 
= 50 asmethacrylicreslnora-methylstyrene. . 

Examples of pdymer containing k^ne In the nfiolecular structure indude pdymers polymerized with a 
ketone containing a vinyl radical, such as methyivinylketone, methylisopropenylketone, ethylvinylketone. tert- 
• * propenytketone or vinyl-phenylketone. 

Examples of pdymer containing SO2 in the mdecular structure indude pdyolefinsulfone synthesized from 
: . 05 . ^»an olefin containing an unsatorated doul^ie tx3ind and SO2. such as potybutene-l-suHbne known as PBS whidi 
\3 a trade name of MEAD. Naturally the defin in said polydd^sulfone may t>e composed of ^rene, a<nethyl- 
styrene, propylene or any other defin. 

Examples of vinyf ic pdymer containing a non-hydrogen.atom at the arposition indude various homdogues 

13 



EP0491 56PA2 

of methyl aciylate. such as methyl methacrylate, ethyl-methacrylate. iv and iso-propyi methacrylatB, n-, Iso- 
and tert-tnjtyl methacrylate etc Also methaoylamide and melhacrylnitiile are usable.' PhcAbdecomposable 
po^Uve resist can be prepared tiy pc^ymeri^ng such monpnner containing unsaturated double t>ond. Also corn^ 
mo'cially available are monomers containing cyano radical, chlorine or fluorine at the a-posilion instead of the 
5 methyl radical mentioned above, such as a-cyano (or chlora-or fluoro-) acrylate, or a-c^ano~ (or chloro- or flyo- 
ro-) ethyl acrylate. Also there may be employed a^ethyl (chloro, cyano orfluoro) styrene and hydroxy, mettiyl, 
ethyl, propyl, chloro end chloro derivatives ttiereof. 

The above-rr^ntloned polymere can t>6 obtained by radical or bnic polymerization of the monomm con- 
stituting the molecule, and the photodeoomposattle polymers can be obtained by pdymerizaton of the above- 
10 mentioned mortomm* oir a mbdure of plural m6noh]kers. The creasiinkable positive iibsist of the present 
embodiment can be obtained, in the synthesis of the photcdecx^ polymer, by copolyrnerizing a mono- 

mer containing an epoxy radical as the thermosetting hinbtional ri^ical. 

Glycidyf methacrylate is most prefem^ as the mohoirier containing epoxy radical and providing, lipon 
polymerization, the resin decomposable by ionizing ipad iatiOT. The crosslinkable positive resist of the present 
IS embodiment can be obtained by oopolymerfzihg thi» rnohbmer, containing the thenmocrosslinklng functional 
radical, with a proportion of 5 70 nrK)l.% in the aforementibned photodeconpbsable polynrter. 

For example, the thermocrosdinkable positive resist consisting of copolymer of methyl methacrylate and 
giycidyi methacrylate can be easily synthesized by rhixing methyl methacrylate and glycidyl methacrylate with 
a predetenrruned molar ratio and starring the mbcture at ^''C - 80<'C. wi^ 
20 Initiator, such as AIBN, in an amount of several per cent 

In case the content of the nx>n(mier containing the thermally crosslinking 
n>ett)acrylate) in the copolymer is less than 5 mo).%, the Iowim; resist layer cannot be completely crosslinked, 
so that itmay showa film thickess joss orcradks atthe developmeritstep. On the other hand, in case the content 
exceeds 70 moL%, there will result an extremely dearease in the sensitivity, and the thenrtally set film beconries 
25 extremely britfle and is unable to show enough mechanicsii sb^ 

Examples of the hardening agent for thermally setting the epoxy radical include aliphatic pdyamines such 
as Iriethylenetetramlne, tetraethytenepentamlne or diethy|sim!nopropyiamine; aromatic polyiamines such as 
4,4'Hdiaminodiphenyimethane or nvxy^lenediamlne; i>d>^M add anhydrides such as phttialte anhydride 
ortrimentic anhydride; Lewis acids such as boren trfiRuoddesarnlne complex. Such hardening agent is preferably 
30 added in an anKHint within a range of O.O01 wt% - 5 ;vil%. A smaller amount of addition will result in cradc 
formation at the development step and in insufncientmechk^^ strength and thermal resistance, while an 
amount of addition exceeding 5 wL% will result in an e)dtremely reduced sensitivity. 

The film of such thermally crosslinkable positive resist can be formed on the substrate for example by dis- 
solving the resist in a sd vent such as cydohexanone br2^tiioxyethyl acetate and da^^ 
35 solution onto the substrate by spin coating, bar coating or roller coating, followed by drying, or by coaling the 
. solution on a supporting material composed for exarnpie of polyethylene terephthalate or aramide, followed iiy 
drying and laminating thus obtained film onto the substrate. 

The time and temperature of thermal crosslinking have to be optimized for respective polymer, but thie 
crosslinking Is preferably conducted, in general, for 5 to 30 minutes at BO'^C to 300*C Crosslinking conduded 
.; 40 below 60^C results in crack fbnnation in the film at ttie developing step, white that conducted above dCK^'C 
results in a sensitivity decrease. 

In tiie hardening of epoxy radical, the kind and amount of hardening agenVthe hardening temper^ 
time have to t>e respectively optimized as explained above. Insuffident hardening results in crack fonrnatbn in 
the film at the development step, and In Insuffident nriechaniCEd strength and thermal resistance of the film. Also 
45 excessive hardening results In an extremely decrease of sensitivity. In order to.avotd these drawt>acks, the film 
may naturally be heated after the development in order to n^^ 

The exposure of tiie ttienrally crosslinteble positive res^t of tiie present emtfodinrient is preferably con- 
ducted, as explained before, by an ionizing radiation. Iliere can t>e employed deep UV light of a wavelengtti 
of 250 - 300 nm obtained from aXe-Hg lampwhich Is ah ordln|iurii^^ an electron beam, 

50 Xnray (SCM^), gamma-ray or light irom an excimer laser:ltie eb^ conducted by a cdlecttve expose 

ure timMjgh a mask, a step and repeat exposure or an dedrbn beaiiri scanning. 

In the expb^re with the light of short wavelength sudi as deep UV light or exdmer laser light, the tirans- 
mittance of the resist film becomes important For example, a molecular structure containing aromatic rings 
therdn shows a very poor traiismitfance to the light of a wavelength of 30^ 
55 made only on a very thin film. On the other hand, X-ray.or electron beam can be used for a thicker fQm, t)ecause 
■ \ of h^her penetrating abflity than the light 

The development can be. conducted with an organic solvent or an aqueous sohition of aliodi ordlnanly 
ennployed for this purpose. Examples of usat>le developer include ketones such as meth^isobutylketone or 2- 
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' biJtanone;estefS such as ethyl acetate or 2-«tho}^^y^^^ 

. chlorinated solvents such as chlorotienzena or tH^ aqueous sdufons of alkali such 

• as sodium hydroxide or tetrahydroxy anrmrionjium.v^ ^ ^ 

. The present embiodiment allows to produce a liquid-discharging recording head of high durability, since 
5 the thermally crosslinkable positive resist is not soluble in solvent and is excellent cn mechanical strength and 
in heat resistance. Also the useof thennnaUy cros^inkaUe posithre resist employing epoxy radical as the thermal 
croasfinking radical, which is hardly hydrcriyzed even vifiui all^i, allows to produce a llquid-dischai^lng records 
ing head resistsnt to deterioration. 

In the following there wOl be explained sUII another embodiment of the present invention. 
10 In the present embodiment, the second photosensitive mateilal layer 5 is composed of a pdsHlve or nega-. 

tiye resist sensitive to the l^ht having a principal emisston wavelength of 300 n^^ 

As shown in Fig. 5, a mask 7 Is placed on the photosensitive material layer 5, and light irradlafion is con- 
ducted from atx)ve saki mask (direction B in Fig. 5), with the light having a principal emission wav^ength of 
300 nm of longer, theretiy forming, as shown in Fig. 6, a latent Image 8 of the ink discharge openings and a 
IS latent image 9 of the ink supply opening in the layer 5. Since ttie light employed for the exposure of the second 
photosensitive material layer 5 has a principal emission wavelength of 300 nm or longer. It does not cause draw^ 
backs such as decomposition of molecular chains eyeri If th^ first photosensitive material layer 3 is exposed 
to the light V 

In the following there will be explained sdll another <em of the.prsseifTt invention. 

20 In the present embodiment, negative resists die^ransidi^re^ the selection of the resist for which 

required are mechanical strength, heat resistance, absence 
sirable substances even after prdonged oontact vy'r^ t^^^^^ 

can fomn negative working resists by the addition of a jphbtopolymeirlzatio initiator or a photocrosslinklng agent, 
and also exhibit negative working characteri^k:, even'in the absence of the photopolymerization Initiator, by 
25 crosslinklng induced by irradiation of an Ionizing radiatioh such as deep UV light, electron beam or X-ray. In 
consldera^on of the foregoing, the use of a negative working resist in the production of the iiquld-dischs^ging 
recording head wkiens the freedom of material selection, and is effective for cost reduction and improvement 
" I - of head perfomnance. 

However, in the method of the present Invention, in which a liquid-discharging recording head is produced 
' • ' 30 by photolithographically patteming upper and lower photosensitive material layers, there may result an inoon- 
' • venience if negative woridng resists are selected for tiie upper and lower layers t>ecause. In the structure of 

• said recoiding head, tiie upper resist layer has to remain in the area above the 

are employed as mentioned above, the resist layer positioned above the. ink channel has to be exposed, and 
the resjst in tiie Ink channel Is also exposed to the exposing light whereby the ink chann^ thecomas dosed. 
^ Though it is still possible to suitably optimize the tiilcknesses and the absorption coefficients of the resist layers 
• thereby decreasing the amount of light reaching the lower resist layer and substantially preventing the lower 
resist layerfrom being exposed, such optimlzatton of resist thicknesses and atKSorption coefficients may unde- 
sirably affiect the designing of head or production sta|»^^^ 

For avoiding the exposure of the lower resist layer at the exposure of the upper resist layer, the present 
40 inventors have conceived the use of resist materials of different photosensitive spectral regions for the upper 
and lower layers, or the use of resist materials of signlficantiy different sensitivities even If they are sensitiye 
' ^ ' ' -to a ssmrie wavelength, thereby reaching the present bmbodir^ 

In the present embodiment, tiie forst negative photosensitive iraterial layer (lower resist layer) 3 has a 
photosensitive spectral region, or a gdation sensitivity to the e^osing light for latent Image fonmation, different 
. 45 . finorh that of the second negative photosensitive material layer (upper resist layer) 5. 

The presem embodinrient employs photosensitive material layers of mutually different 
- tnal regions or mutually different gelation sensitivities, whereby the patterned latent Image can be foimed hi a 
: desired layer only, without causing gelation In the other layer. 

The resists of different photosensitive spectral regk>ns may be generally dassifi^ Into those sensitive to 
50 so-called ionizing radiation such as deep UV light, electron beam or X-ray,,ahd those sensttjve to the ultraviolet 
:/ -..light • ■ . ... , .... 

The specific niaterials constituting the resists are sanie as alresKly de^ 
polymerization initiators to be added to the oonipound oontelnlhg unsaturated double bond, diketones sudi as 

• - benzyl, 4,4'-<limethoxydiberttyl, 4,4-dimethylbenzyl or 4.4<lihyidr6xybenzyl have an at>sorption maximum in a 
- 65 ' fange of 300 - 380 nm, while thloxanthone derivatives such as.thiqxanthone, 2-chlorothloxanthone, isopropylk 

' tiitoxantiibne, 2,4-dlethy1tiik)xanthone or 2,4-di!sopropylthlp»anthdiie have an absorption maximum In a range 
of 350 - 430 nm, and 7-dlethylamino-3,3'-cart>oriyl biscbumarihe has an at^sorptlon maximurn at at>out 450 nnri. 
Thus, even within tiie ultravkriet region, there can t)e ot)talned.a qomblnatton of resiste of mutually different 
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•photDsensitive spectral regions, by suitably comt)ining ttiese photppblymeiization initiators, in the cationic 
photopolynneifzaUm, disadvantageous to addan o^^^ 

or vinylether compound, and also a radical piiotopdiynterization initiator mentioned t>efbie in order to vary the 
photosensitive spectral region. 
5 Asexamplesof combination of the resists of different sensl^^^ 

zing ladiation In the lower layer and a resist for ultraviolet light in the upper layer, or resistsifor ultraviolet liglit 
. with mutually dffferent pliotosensitive spectral regions for ttie uppierand lower layers^ Jn the resist forultravloiet 
light, the photosensitive spec^ regbn can be arbitrarily changed by the photosensitive materia] to be added. 
The resist sensitive to the ionizing radiation is more effiectively used in the lower layer, since almost ad the 
• 10 polymers aire Mnsith^ to the lonhdhg radiations. ^^^^^^^ 
In the use of resists of different sensitivites, the'sen^ 
- of the u pper layer, as described before. In case the up jp>^r and low^ resist layere are composed of a iaame ma- 
tarial system, the sensitivity can be easily regulated by cohtrollihg the amount of the piiotopdymer^tion 
initiator. Naturally the sensitivity of resist often varies depending on the thickness of resist layer, but, in ^e pna- 
IS sent embodiment, the sensitivities of resists are defined same if the resists have same composition. The sen- 
sitivity may t>e varied for example by a change in tiie initiator, in the additives, or in the mcdecular weight of the 
polymer. The effectiveness of difference of the sensitivities of the upper and lower resist layers on the produc- 
tion of the liquid-discharging recording head of the present embodiment is variaUe, depending on the thtdcnes- 
ses of the upper and lower resist layers, kind of substrfle, exposing waveleiigth and tod etc., I>ut a difference 
20 of 2 to 10 times Is generally considered effective. A difference analler ttian two times Induces ttie gelation of 
the low^ resist layer by the light us^ for exposure of the upp^ resist layer. On the other hand, a difference 
^ larger than 10 times facilitates the production process but may result in a drawback such as a prolonged expos- 
ure time, because the sensitivity of the lovver resist layer becomes very low. 

The preparation of the liquid-discharging recording head according to the present embodiment by employ- 
es ing resists of different sensitivities, allows to use a same exposure apparatus, and realizes a significant saving 
in the investment In equipment. 

In tiie following ttiere wfll be explained stiU anottier enritodiment of the present Invention. When a negative 
photosensitive material layer Is formed on a substrate, sufficient adhiesion strengtii is often not obtained, and 
tiie causes of such Insufficient adhesion have been estlm^Bd by the Investigation of the present inventors as 
V 30 follows. The negative photosensitive material generally shows a f3m thickness loss of about 5 to 20%, namely 
tiie dissolution of uncrosslinked molecules In the dey^lppmeht^^s^^^ the exposijre. On the other hand, the 
sterk: anrangement of molecules constituting the photosm^ 

caused by the exposure to light Thus there are generated a decrease In the number of molecules constituting 
the adheston plane to the substrate, and stresses aniong the 
35 Also even in the absence of dissolution of uncrosslinked pomponents, stress tends to accumulate within the 
' rissln film, because the positions of Intermolecuiar cirosslinkings are detenmlned before the contraction of 
volume takes plaice in the hardening reaction induced by photocrossiinking. On the ottier hand, in the thermal 
hardening reaction, the stress Is less likely fo accumulate hislde the material, tiecause the crosslinldng reactiori 
occurs after the material Is thermally fused. For tills reason, a higher adhesion sbiength can be achieved by 
40 the thermal hardening reaction than in the photohardening reaction. 

Alttibugh the pattern formation by thenmal hardening provides better adhesion strengtii as explained above, 
the photdltiiographic process utilizing optical exposure is rhore advantageous for tiie precise pattem fonnation 
of the ink supply opening ete: 

The present inventors have reached the present embodiment by employing thermosetting positive resist 
. 45 instead of negative resist More spedtically, the present embod iment is based on a finding that a v^ high adhe- 
ston strength can be attained by at first forming the inic channel, Ink d^harge openings ete. witti a dissohmble 
resist pattern, then fbnning a thermosetting positive resist layer on the pattem, and hardening the positive resist 
by heating, and that a highly precise recoridng head can be produced by applying optical exposure to the posi- 
tive resist for fomnlng the Ink discharge openings etc., and developing ttie positive resist so as to remove the 
- :S0 ' resist In the portions corresponding to the Ink charinel, ink discharge bpehings eto. 

According to tiie present embodiment on a substirate 41(Rg. 1 3) provided th«Bon with energy generating 
elemente 42, there is formed a first photosensitive rhaterial layer 43 consisting of non-crosslinklng res^, as 
sfiown In Fig. 14. The non-crosslinking resist te free from gelation by mrsdinking and can therefcra be dissoh^ 
' ' - out by a suitable sohrent Examples of «jch rioh-orosslinkirig dtssolvabie resist include a mbced system of alkali 
' ' 55 ' soiut)le resin and a dissolution inhibitor (such as naphthoquinone diazide), ¥vhldi effects pattem fonmatton not 
by gelation of resin but by a change of solubDity In the developer. Also there may be employed other conven- 
tional positive resists, posithre deep-liV (electron beam or X--ray) resiste, and negati^ 

fonmation by a change In the solubility characteristics. In principle there may be emplc^ed any.resist of which 
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pattem formation does not rsly on the gelation reaotip to l^ht, but, in practice, follQwing twro 

lequfrenrients ate preferably met tn order to impiMetfi Hqtddrdlschafglng recordir^ head 

iand/or to impfove the productivity of such reooidin^ 

1 ) The dissolvable non-crosslinking resist should prei^biy have a high heat resistance. 

5 That is^ the ordinary positive photores^ts, consbting of a mbcture of cresol novolak resin and naphtho- 

quinone diazide, have a softening point In a range of 1 pO^C - 1 30*C Upon prolonged exposure to a temperature 
of 1 00**C or higher, the novolak resin starts thermal haideriing and the dissolution becomes more difficult The 
thermosetting positive resist preferably have a hardening temperature of 100^0 or higher as explained at>ove. 
and the dissolvable resist is preferabiy frae from the gefa^n, or variat^n in the dissolving property, at lOGrC. 

10 More i^ectficaliy, it is preferably based on a copolymer resin of polyvin^phenol and methaciylic add. The ratio 
of m^acrylic add in the copdymer Is so detenntined that the copolymer is sduble jn alkali, and generally 
In arangeof 30- 100%. Witii a ratk) lowerthan 30%, the copolymer becomes Insduble in aqueous alkali solution 
' and Incapable of showing positive working characteristic. 

A resist not consisting of the mixture of alkali sduble restn and naphthoquinone diazide but showing positive 

IS working characteristic by mdecular weight reduction result from breakage of molecular chain Is also usable if 
it does cause gdation by heating. Within this category^ o^inary resists isensitive to ionizing radiation are usable; 
Also among the thermally crosslinking positive re^i^:t6 b^ explaihed later, those not containing a thennally 
:crosslinking ccHnponent in the copdymer can be utlGzed. 

2) The dissdvakde non-orpsslinkfrig resist shbuid hiave Iqw gelatkm tendency or should be decomposable 
'20 by tonizing radiation. - 

More specificaily. In the positive resist consistihg of a niixture of alkali sdiible resin and a dissdution inhibh 
^ . tor such as naphthoquinone diazide or pblydefinsulfone. the alkali soluble resin may show gelation by ionizing 
radiation sudi as deep UV iight to be applied in a successive step to be explained later. Such resin may result 
in gdation of the dissolvable pattem at the patterning of Ihe.ink supply opening eta by opticsd exposure of the 
26 thermally hardening resist Although the material showirig gdation may still be usable depending on the trans* 
mittance or fSm thidcness in rdation to the exposure wavelength to be employed, the sensitivity to gelatk)n can 
be generally reduced by copdymerization of the aforementioned vinylic monomer haying a sut>stituent otiier 
than hydrogen atom at the a-position. 

The first photosensitive material layer 43 can be formed by sdvent coatir^ of solution containing the photo- 
so sensitive material, or by preparing a dryfilm containing tifie photosensitive nnaterial and laminating the dry fDm 
onto the substrate. 

The first photosensitive material layer 43 prepared as explained above is subjected to an exposure as 
shown in Fig. 15, thereby fomiing a.latent image 44 of the Ink channd and the ink disdiarge openings. The 
exposure may be conducted by a cdlective exposure tilirbugh a photomask, or by a direct exposure with an 
. 35 electron beam or an ion t>eam. For the exposure, there ma^ employed any exposing light capable of pat- 
taming the photosensitive material, such as deep UV IIght/li^^ from an exdmer laser, an electron beam or 
X-ray, .. 

Afterthe above-explained exposure feu* forming the'lnk channel and the ink disdiarge openings, the photo- 
sensitive material is subjected to a devdoping step to remove the mataial except for the latent Image portions 
40 44 mentioned above (Rg. 16). 

Then, on the substrate 41 provided thereon with ttie portions oorresponding to the Ink discharge openings 
and the ink channel, there is formed a second photosensitive nnaterial layer 45 consisting of thermally crosslihkT 
: ihg positive resist as shown In Fig, 17. The thennally crosslirikable positive resist contains a monomer, con- 
taining a tiienmosetting reactive radical and copotymerized to the irolecular changing of a potodecomposable 
46 polymer. The positive resist t>ecomes insolublltzed In soh/ent by a themfiosetting reaction caused by heating 
and fonms a pattem by breakage of ciosslinked mdecules In de^d portions by exposure to light Such resiist 
h almost free from film thickess loss in the unexposed area because It is rendered completely Insduble in sol- 
vent by thermal hardening. Thedevetoping t&ne may become longer because the devdoper is supplied through 
a small aperture such as the Ink supply opening or the Ir^ channel7but this head can t>e produced without draw- 
50 backs such as dimensional fiuctuatim, as the thermaljy crosdlnklng positive resist Is free from film thickness 
' • . . • loss as explained above. Also the efficiency of production cw:bb lmp^^ by the reduction In developing time 
: . through the use of a stronger devdoper, as such developer does not cause film thickness loss and nor the peel- 
ing of resist in the ink channel and the ink discharge openiiii^. 

Furthermore, the unexposed portion of the thermally crossiihklng pc^itfye resist, being crossl inked by ther- 
65 mat hardening reaction, has a high heat resistance and a high mechanica] strength, and can therefore realize 
-..satisfadory durabflity even in the pnxJud to be used under severe condltkms, such.as the liqukS-dischaigIng 
recording head. 

The thennally crossllrtking positive resist can be obtained in various structtros, by copolymerizing a ther- 
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mosettsble functionai radical to a photodecomposable^t>^ as explained before. Examples of such phcto* 
decomposable potymsr include polymers oontaihing jc^n^^.i^^ those oontainli^ SQa 

in the main molecular chadn, such as polysuffone^ and vipyiic pdymers oohtadning a non-hydiogen atom at the 
opposition. ■.^^^v.) 
5 Examples of the polymer containing ketone In the rnolecular structure indude polymers of a ketone con- 

tali^g vinyt radicaU such as nriettiytvlnylketohe, m^thylisbpro ethytvinyitetone, tert-propenyl- 

ketone or vinylphenylketone. 

Examples of the polymer containing SO2 Include polysuifone synthesized by the reaction of bisphenbl-A 
and dlchlorod^henylsulfbne (Udei Polysuifone supplied by UCC), potyethersuHbne synthesized from 
' f 0 dichlbrodiphenylsiJlfone (Viclrex supplied by ICi), and polyolefinsulfone synthesized from an olefin containing 
unsaturated double bond and SO2 (Polybutene-1 -sdfbne PBS supplied by Mead). Naturally polycdefinsulfbne 
- - . may contain other oleliTO such as slyrehe, a-methyisfyrene <^ 

Examples of the vinyllc polymer containing a non-hydrogiah sut^stituent at the a-position includes the vari- 
ous homdogues of methyl acrytate, such as methyl rhethacrylate, ethyl methacrylate, iv or iso-propyl methacr 
is lylate, and n-, iso- or tert-bufyl methacrylate. Also there linay be employed methaoylamlde or methadrytnitrile* 
- Photodecomposatde positive resist can be obtained by pdymerizing these monomers containing unsaturated 
double bond. Also commerdally available are rnonomers-having cyano radical, chlorine fluorine at the a- 
positlve instead of methyl radical mentioned above, such ai a-cyano (or chloro-or f1uoro-)acrylate, or a-cyano 
(or chkiro- or tiuoTD) eth^aarylate. Furthenrare there 
20 )styrera. or hydroxy, methyl, ethyl, propyl, chloro of fjufDib d 

be obtained by polymerizing one of the above-men^oned or a mbcture of plural mononlers. The 

crosslinkable positive resist of the present embodiment c^^ at the synthesis of the photodecom- 

pbsabfle polymer, by copolymerizlng a monomer c6h]taining a thermosetting functional radical. 

The themiosetting functional radioed can fbr ejcample be hydroxy radical, chlorine, Isocyanate or epoxy, 
25 and examples of the monomer containing such fuhctibnal radical Indude hydroxy (mefii)acr^ate, hydroxyalkyi 
' (for example methyl, ethyl or propyl) acrylate, hydroxyalkyi methacrylate, acrylchloride, methacryl chloride, and 
glyddyl metiiacrylate. The tiiennally crosslinkable positive resist of the present embodiment can be obtained 
by oopolymerizing the mononm' oontaii^g the thermally crossfinking functional racBcal, wtth a content of 0.1 
to 70 md.%, in the al>ove-mentioned photodecomposable pdymer. 
' 30 . If the ratio of the monomer in the copolymer }s less than 0.1 mo!.%, the lower resist film is not completely 
. . hardened, and gh^es rise to a film thickess loss or crack formation at the developing step. On the other hand, 
a ratio higher than 70 mol.% leads to a deteriorated sensitivity or crack formation by the excesshre thenrnal har- 
dening. 

Such thermally cTossltnkable positive resist can be coated onto Uie sutistrate, either dlredly or after dis- 
ss solving in a solvent if said resist is solid, with a spin cojatef or a t>ar coater. In such coating, there is requ'red 
a nfieasure for preventing the infkjence to tiie first photosensitive material layer 43 already patterned. For 
exiample, in case solvent coating method Is employed, : the sdvent employed for dissdvlhg ttie material of the 
second photosensitive material layer 45 should prefeiably not dissolve the first photosensitive niateria! layer 
43. consisting of the dissolvable non-crossllnldng resist in w^^^ 
40 solvable pattern Is formed by an ordinary positive resist Which Is generally sduble in polar advent such as 
. aqueous alkali solution or alcohol, the second photosensitive material layer 45 is preferably non-pdar. In case 
. it is coated as sdution, there preferably employed nothpdar solvent 
The two-layered sbxjcture can also be obtained, eVeh if the photra^ 
layers have same or similar properties, by forming a Xtun coating of a silane coupling agent on the surface of 
4s tiie k>w^ first photosensitive material layer which is already pattenied, or by appl^^ 
b the lower photosensitive mateilanayer 43, or heating the lower photosensitive m 
' phere containing a silfeone compound. 

If the dissdvabfe resist pattern is undesirably affected at tiie fonnation of the upper second photosensitive 
material layer 45 consisting of the thenndlly crosslinkable i>ositlve resist, a preventive measure Is preferably 
'50 applied. For erample If the dissolvable pattm is corhposed oif alkali soluble resin and a dissdution Inhibitor, 
tiie thermal hardening and the gelation of ttte alkatl sduble resin can be prevented tiy the rheasures mentioned 
atKJve. Also the dissdution inhibitor may be sdut^le also in the non-pdar solvent or may cause a trouble of gas 
generation by decomposition at the thermal crosslinklng or at tiie exposure to l^ht These drawbacks may be 
prevented t>y tiie sdection of a dl^sobJtion bitiibitor insoluble in non^ 
^. 65 ■ 'dissolution Inhibitor in advance t»y exposure to light, after the fonnation of dissolvable pattern. 

* . Then the second photosensitive ntaterial layer 45, ^miriated as explained above and consisting of the ther- 
mally crosslinkatHe positive resist^ is crossliriked by h^^i^^^ 

The thermal oossiinking has to t>6 optimized in temperature and time, according to tiie resin employed, 
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but is generally oonducted within a range of lOO^C to 300''C. A lower temperature cannot provide a sufTicient 
' ciossiinking density or requires a long crosslinking time, while a temperature exceeding 300"^ may cause ther- 
mal decomposition orthermal oxidation of the resist, oriray generate cracks In the resistfOm when it is coded 
. . to the room temperature, because of the dffVerence kt thermal exparusion ooefflcinet between the resist f9m and 
5 the sut^strate. The iieating time has also to be optimized according to the properties of the resist, but is generally 
within a range of 5 to 120 minutes. The heating may be conducted ki an In^ atmosphere such as nitrogen or 
in vacuum in order to prevent, for example, thermal oxidation, though the heating at a low temperature can l>e 
conducted In air. 

' . Naturally the crosslinking may be conducted at room temperature, employing two-component crossilnking. 
io Such crosslinking at room temperature is rendered po^^le by mixing a coniponent A containing an epoxy radi- 
^ cal as tlie crosslinking componentin the molecule and larioth 

applying the obtained rrnxture onto the substrate, ^uch tMA> cbhipbhent system is employed for fahprdvlng the 
' . stabil ity in storage at room temperatiffo. l-iowever, certain heating is still considered deskiabie, fa* the pi^pose 
of improving the efficiency of production, for example by th^ reduction of crosslinking time. Therefore, as des- 
16 - cribed above, the heating temperature has to be optimized according to the material em^^oyed. 

Then, in the present emt>odiment, a mask 46 Is positioned above the second photosensitive material layer 
45 as shown in Fig. 18, and a pattern exposure is conducted with an ionizing radiation, thereby fbnmlng a latent 
anage 47 of the ink supply opening, in the second photosensitive material teyer 45, as illustrated in Fig. 19. 
The exposura can be conducted vinth deep UV light, diecbon beam. X-ray or excimerlaseriight The deep UV 
20 light can be obteined from a Xe-Hg lamp, whicti an orciinary deep UV light source, combined wnth a cold mtirror 
for 290 and 250 nm. Also the exposure may be conducted by a collective exposure through a mask, a step- 
and-repeat exposure, or scanning witii an electron beam. However, if the iBsist layer is thick, it may not be 
exposed unifbnmfy to the light of short wavelength sucii as deep UV tight or excimer laser light, because iof 
absorption in the r^isL Forexamplejf the molecular sfaiicture of the res^^^ the resist 

25 shows an enhanced at>sorptlon and does not bansmit tiie light For this reason theiB may be required a pre- 
ventive measure such as the use of resist free from such aromatic ring or the use of an exposure source of a 
. Iiigher penetrating power such as electron beam or X-r^. Though deep UV exposure, capable of collective 
exposure witii a large exposure area, seems best in production efficiency in consideration of the present form 
of exposure apparatus, the X-ray exposure is best tor ttie-fne selection, because of ite h*^h 

30 penetrating power. The practical use of X-ray exposure wUl become feasible if the high^- Intensity of exposure 
source and the lower cost of mask and exposure apparatus are realized. 

According to tiie present emt>od?ment, a block memt>br 52 obteined as described above Is subjected to a 
devetopmerit step, in which, as shown in Fig. 20; Qie latent image 47 of the Ink supply opening and the latent 
images44ofthe Inkchannetand inkdischargeopenlng.form 
35 by dissolution. In this manner fliere Is obtained, as shown in Fig. 20, a liquid-discharging recording head 51, 
provided witii ink discharge openings 48, an ink channel 49 and an ink supply opening 50. 

The dissolvable resist in the ink channel and ink dischai^e openings may k>e simulteneously dissolved out 
In the development step, or may be dissoked by a suitable sohrent after said development step. 

In thus produced recording head, the Ink supply Is rendered possitrie by coupling an Ink supply member 
40 to the Ink supply opening. 

The present embodiment provkies follovinng advantages: 
(1) The use of thenrwsetting resin allows to obtain a FKiuid-dlscharging r^ 
strength and an Improved adhesbn to the substrate; 
' (2) The dissolvable resist pattem can t)e dissolved satisfactoniy and within a short time by an organic sol- 
■45 vent The heater elemente, electrodes etc. can be prevented from deterioration t>ecause of the absence 
of use of alkaline solution; and 

(3) Since the thermally crossllnkabie positive resist Is )hsolut>le in ordinary solvents, the characteristics of 
the recording head are not detertorated, bedatjse cir lis structure, even in the use of a longer developihg 
time or a strong developer. 

so Among various liquid-discharging recording (Inkjet recording) rhethods, the present inventton brings about 
a particularly eftect when applied to a recording head of a system utilizing thenhal energy for llquki dtecharge, 

and a recording apparatus employing such recording head* 

The principle and representative configuration of the system are disclosed, for example, in the U.S. Patente 
Nos. 4,723,129 and 4,740,796. This system is applicable to so-called on-demand recording or continuous 
' 55 recording, but Is particulariy effecthfe in the on-deirand reoordmg because, In response- to the application of 
- at least a drive signal representing the recording Infonhatlon to an electrothermal converter element positioned 
corresponding to a liquki channel or a sheet containing liquid (ink) therein, the elenient generates th^mal 
energy capatrie of causing a rapid temperature Increase moeeding the nucleus boiling point, thereby inducing 
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film boiling on a heat action surface of the rec^Uig.head and thus forming a tnibble in the liquid (ink), in oni&- 
to-one correspondent with the drhre slgrad. The Ivqdld i[inlQ is dischaiged through a dischaige opening by the 
growth and contracton of the bubble, th^^eby fom^hg sit lea^^ a liquid droplet The drive signal is preferably 
formed as a pulse, as !t realizes instantaneous grpwtii -and contraction of the bubble, thereby attaining highly 

5 responsive discharge of the liquid Onk). Such pulse^shaped drive signal is preferably that disclosed in the U.S. 
Patents Nos. 4.463.359 and 4.345,262. Also the conciitidns described in the U.S. Patent No. 4,313.124 relative 
to the temperature increase rate of the hieat action ^rtaise allows to obtain further innproved recording. 

The configuration of the recording head Is given by the combinations of the liquid discharge openings, liquid 
channels and electrothermal converter element with linear or rectangular liquid chiannels, dlsdosed in the 

io above-mentioned patents, but a configuration disdbsed in the U.S. Patent No. 4,558,333 in which ttie heat 
action part is positioned in a flexed area, and a configuration disclosed in the U.S. Patent No. 4,459,600 also 
belong to the present invention. Furthemnore the present Invention is effective in a structure dlsdosed in. the 
Japanese Patent Laid-Open Applicdtioh No. 59-123670, having a sltt common to plural electrothenna] converter 
elements as a dischaige opening therefor, or in a structure disclosed In the Japanese Patent Laid-Open Appli- 

is cation No. 59-138461, ha>dng an aperture for at>sorbing the pressure wave of thennal energy, In correspond- 
ence with eac^ discharge opening. 

A fulNine type recording head, capai>le of sirtnjltaheotls recording over the entire width of the recording 
sheet, may t>e obtained by plural recording heads so combtined as to provide the required length as disclosed 
in the above-mentioned patents, or may bi9 constriJC|teicl^as a;^ing|e integrated recording head, and tiie present 

20 inveritbnran nureeffectKfdy exhibit Its advantag^ i^^^ 

The present invention Is furthenmore effec^e in a r^cp^ltling h type, which cm 

receh/e ink supply from the main apparatus arid can be ele^ connected therewith upon mounting on the 
main apparatus, or a recording head of cartridge ^pe^n whfdfi an ink cartridge is integrally constructed with 
the recording head. 

25 Also tiie recording apparatus Is preferat>ly proyideM^ with the emission recovery means and other auxiliaiy 
means for the recording head, since the effects of tii^ recording head of the present invention can be stabilized 
further. Examples of such means for the recording head Include capping means, cleaning means, pressurizing 
or suction means, preliminary heating means ocmiposed of electrothemnai converter element and/or another 
heating device, and means for effocting an idle Ink discharge indeperident from the recording operation, all of 
30 which are effoctive for achieving stable recording operation. 

Furttiermore, the present Invention is not limited to a recording mode for recording a single main colcxr such 
as blade, but is extremely effective also to die recording tiead for recording plural different colors or foil color 
by color mixing, wherein the recording head Is either integrally constructed or is composed of plural units. 
Furttiermore, tiie recording head of the present invention is applicable, not only to liquid in^^ 
35 ink which is solid below room temperature but softens or liquefies at room temperature, or which softens or 
liquefies wittiin a temperature control range from 30"" to 70^C, which is ordinardy adopted in the Inkjet recording. 
. Thus the ink only needs to be Ik^uidous when the recording signal is given. Besides the recording head of the 
present invention can employ Ink liquefied by thennal ^nergy provided corresponding to the recording signal, 
such as tfie ink In whldi the tempereture increase by thernial energy is intentionally absorbed by the state 
40 change from solkf to Ikiuid, or ttie ink which renriains Mid in the unused state for the purpose of prevention of 
ink evapcsation. or tiie ink which starts to solidify upon resiching the recording sheet In these cases the Ink 
may be supported as solid or liquid in recesses or holes of a porous sheet as described in the Japanese Patent 
L^id-Open Applications Nos. 54-58847 and ^71 260, and placed in an opposed state to the electrothermal 
converter element The present inventkin Is most effective when the above-mentioned film boOIng Is induced 
45 In the ink of the at>ove-mentioned f orms. 

Fig. 10 is an external perspective view of an Inkjet recording apparatus (IJRA) in which the liqukl-dlscharg- 
• Ihg recording head of the present invention is mounted as an ink jet liead cartridge (iJC). 

Referring to F^. 10, an Inkjet head cartridge (UC) 20 is provided with a group of discharge openings for 
effecting ink discharge toward the recording face of a recording sheet fed onto a platen 24. A head caniage 
50 (HC) 16, supporting ttie cartridge 20, Is connected to a partof a drlvtng belt 18 which transmite the driving power 
of adriving motor 17, and is reridered slldaUe along nriutually. parallel guide shafts 19A, 19B, thereby allowing 
the ink jet head cartridge 20 to redprocate over the entire width of the recording sheet 
* A head recovery unit 26 is provided at an end position of the moving path of tiie cartridge 20, fcx* exarriple 
" at a position opposite to tfie home pbsltfon thereof. The.reobyery unit 26 is activated t>y a motor 22 through a 
55 transmission mechanism 23, theret>y capping the ink jet iiead cartridge 20. In synchronization wrtti the capping 
of the cartridge 20 by a capping portton 26A of the recbveiy unit 26, there is conducted irdc suction by suttable 
suction means provkled in the recovery xxxvH 26, or ink pfessurization by suitek)le pressurizing means provided 
in an ink supply path to tfie cartridge 20 • thmby forcedly expel the Jnk from the discharge openings, thus elirhi- 
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nating the visoosified ink from the rtozztes and restoring satis^ctoiy Ink discharge. Also the capping at the end 
of recording operalioh protects the ink jet head csfftri^ 

A silicone rubber blade 30. Gonsfituting a wiping member, is posittoned at a side of the hBad leodveiy unit 
26. The blade 30 is supported, in a cantilever mechanlaTi, . by a idade support member 30a and is activated by 

5 the motor 22 and the transmission mechariism 23;in the s^^ manner as the head recovery unit 26, so as to 
engage with the ink discharge face of the cartrkige (MC) 20. Thiis, at a suitable timing in the course of the reobrd- 
ihg operation of the Ink Jet head cartridge (IJC) 20, of af^'tiie emission recovery operation by the reboveiy 
unit 26, the blade 30 is made to protrude Into the moving path of the cartridge (IJC) 20, thereby wiping the dew, 
liquid or dusts on the ink discharge face of the cartridge (UC) 20 by the lYiovement thereof. 

10 In the fbllowifig the piesent invention wQ tie dieur^ 

Example 1 

A liquid-discharging recording head of the structure shown In Fig. 7 was prepared according to the process 
IS shown in Figs. 1 to 7. 

At first, on a glass substrate 1 provided thereon with electrothenmial converter elements (heaters conipdtsed 
of HfB2) constituting the energy generating elements 2, positive resist LP-10 produced by Hbechst was boated 
with a thidcness of 25 fi m and baked for 1 hour at 80^C to form the first photosensitive material layer 3. The 
aiKive-mentloned positive photoresist consists of a mbdure of ordinary novolak resin and naphtho- 
20 qubionediazlde. Then a mask4, tiearing a pattern corresponding to the ink channet. was placed on the resist 
film, which was contact exposed to light by a Canon PLA-520 mask aligner to form a latent Image 6 of the ink 
channel. The exposure dose was about 200 rrU/cm? JlroqgK i^^^ 

Sut)sequenliy, on the above-mentbned positive resist flim, a photosensitive material layer of a thickness 
of 25 pm, consisting of a positive dry film OZATEC 1^55 prtK^^ by Hoechst, was laminated to fbnm a second 
25 photosensitive material layer 5, A mask 7 bearing palttBms qorreispo ink discharge opening 12 and 

the Ink supply opening 13 was placedonthelayer S, andthe layer Swas irradiated with light In a similar manner 
as in the lower ffarst layer 3, with an exp(>sure dose of ab^ 

A block member 10 thus otitained was then Immersed in devdoper (1 % aqueous NaOH solution) and 
developed for ca. 30 minutes under agltatton, whereby the Ink.diannel 1 1, ink discharge openings 12 and ink 
so supply opening 13 were fonned. Though dependent on the resist materials used, the positive photoresists alter 
patterning are somewhat deficient in the mechanical strength, soh^ent resistance and heat resistance. These 
properties were therefore bnproved by hardening by deep UV light of a wavelength of 300 nm or shorter and 
' ; ' heating. The hardening was conducted for 20 minutes with a 2 KW Xe4ig lamp made by Ushk> Bectric Co., 
and then heating was conducted for 30 minutes at ISO^'C. The liquid-discharging recording head was finally 
35 completed by adhesion of an Ink supply conhecfion member 14 to the ink supply opening. . 

Thus obtained recording head was mounted on a recording apparatus and was used In the recondlng oper- 
atton employing Ink consisting of pure water/glyceriri/Oirect Black 154 (water sduble black dye) = 65/30/5, and 
.it was proved that the recording head was capable of stable recording Operation. . 

40 Example 2 

Eiectnithermal converter denients were formed on ag^^ 
' opening was fonned tiy drilling In the sut)strate. 

Negative electron beam resist OEBR-800 (cycli^d polyisoprene resin) supplied by Tokyo Oka Co. was 
45 concentrated three tinr^s, then coated with a wire bar onto a polyetiiylene terephth alate film (PET) of a thidcness 
' of25 pmanddriedfor30mInutesat80'C. Theobtdne^resistfamhadathidmessof 35|im. Tliefi^ 
with resist was laminated onto the substrate, and 'Uie resist film was trartsfsired thereon by a laminatbr, at a 
laminating tentperature of 110**C. In this nnanner there was fonmed, on me substrate, a resist film which dki not 
sink Into the Ink supply opening. 
so The 8ut)strate wasmounted on an Btonbc electron beam writing apparatus El-S-3300, and a pattern of the 
ink charinel was drawn with an electron beam, with a dose of 10 pC/cir^. 

Ttien a posith/e dry film OZATEC R2^ was laminated on the firist resist layer as bi the examjple 1, and 
was subjected to the exposuns of a pattern of the ink discharge opening, in a Canon mask aligns* PlA-SOl, 
with an exposure dose of 200 counta 
65 . Si^>sequently the substrata was immersed in alkaline developer (Hoechst MIF-312) to fonm the li^ dis- 
chsffge openings, and was immersed In toluene to dev^p the first resist layer. The development of the first 
resist layer was conducted for 20 minutes, under the application of ultrasonic wave. Then the resist fOms were 
hardened with deep UV light as in the example 1. -- \ - 
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Finally an ink tank was adhered to the substrate; and the printbig operation was conducted with Ink supply 
as in the example 1. The otyfained reoofdif^ hecKl Wa^^ 

Examtfe3 

As a representative example of the crosslinkable i^itive resist, there will be shown a copolymer of methyl 
mefhacr^ate, methacrylic acid and methacryl chlorkle^ 

At first 60.07g (0.6 mof) of methyl methacryiate, 2«61 g (0.03 mol) of methacrylic add and 0^5 g of 
azoisobutyronltrie were dissolved in 90 g of benzene, and the mbdure was stirred for 4 hours at 60^C under 
10 nitrogen flow. Then hexane was gradually added to the reaction mixture to obtain viscous white predpitate, 
which was again dissolved in lienzene and reprecipitated from hexane. Finally lyophilizatlon from tienzene sof^ 
ution provided white pdymw A. 

Then methyl methacryiate, methacryfic acki and methacryl chloride were copolymerlzed (nK>tar ratio 0.52 : 
0.013 : 0.0013) In the above-explained method to obtain white pdymer B. The crDsslinkable positive resist was 
IS obtained by a mbcture of the polymers A and B. 

A liquid-dischaiging recording head of the structure shown fai Rg. 7 was prepared aooording to the process 
ishown in Rgs. 1 to 7. 

At first, on a glass substrate provided thereon with the electrothermal converter element (heater composed 
<if constituting the energy generating element, sq!ijtk>n ^^^^ 
so utton of a mixture of the polymers A and B dissolved in an 8:2 mixture of dhlorot>enzena and dkiiloromettiane) 
was coated as the first photosen^ve material layerrand for 1 hour at SO'^C, with a thickness of 25 fun 
after drying. 

• The obtained resist layer was heated, together With the sut>strate, for 15 minutes at 200°C. thus causing 
trosslinking reactton in the resist At this point the fir^t photosensitive material layer was rendered insoluble in 
2S the devetoper. A mask bearing a pattern of the Ink i^annd was placed In oontect with the crosslinked poslti6h 
resist fflni, which was then exposed to light through ttie mask, in a Canon PLA-520 mask aligner, with a dose 
of about 80 mJ/cm^. In the exposed area; the polymer chain was deamposed so that the area was rendered 
soluble in developer in a sut)sequent developing step. 

. Then, crosslinkable positive resist synthesized in a simiar manner as described above (a mixbire of ethyl 
- 30 msthacrylate/knethacrylic add copolymer [molar ratio 20/1 j and ethyl methacryiate/imethacryllc add/mettiacryl 
chloride copolymer [mdar ratio 40/1 0/1D was formed as a dry film (thickness 20 pm), lamlnatsd as the second 
photosensitive material layer on the atwyenrientioned positive resist film, and heated for 15 minutes at 180*^0. 
A mask bearing a pattern of the Ink discharge openings and Ink supply opening was placed on the second photo- 
sensitive material layer, which was then exposed to lig ht in a similar manner as ttie first photosensitive material 
35 layer, with an exposure dose of about 70 nr^J/cm^. 

Subsequently the substrate was immersed in developer (methylisobutylketone} aind was developed for 
about 30 minutes under agitation to form the ink channel, ink dis|charge openings arKi ink supply opening. A 
post-heating may be applied for fiirtiier inoreaislng thVcrc^irricing density. The recording head was completed 
by finally adhering an ink supi^y member to the ink supr^y opening. The liquidHiischarging recording head, 
40 obteined In this manner, wasfonned tyy crosslinked polymer and showed excellent mechanical strength, solvent 
resistence and heat resistance. 

The recording head was capable of stet>le printihg,. when it was mounted on a recording apparatos and 
subjected to a reccHxling operation utilizing ink consisting of pure water/glycerin/Direct Black 154 (watersduble 
blade dye) =65/30/5. 

45 . In a recording test for 6 nionths on a recording apparatus, the recording head did not show any unsteble 
ink discharge resulting from precipltete In tfie Ink or firom blocking of discharge openings, was capable of stabte 
printing and ccmpletelyfree^tmi deformation of sakl openings. .. .. 

Example 4 

so ' • 

A liquid-discdiarging recording head of the structure shown bi Fig; 7 was prepared by a process shown In 
• Figs. 1 to 7. 

At first, on a glass sut>strate provided thereon with electrotiiOTna! converter elements (heaters composed 
of HfB2) constituting the energy generating elements, a 20 wt% solutk>n of methacrylic ackl-methyl methaory* 
35 late copolymer (mdar ratto -2:8, ctosslinking temperature =21 5;Q**C, see Fig. 1 1 ) dissolved in an 8 ; 2 mixture 
"of chlorot>enzene and dlchloromefhane was icoated^as thai iRrBt photosensitive material layer (th'enn^ly 
crosslinkat>le positive resist), and was dried for 1 Hour at 80^C to obtain a thickness of 25 pm after drying. 

The resist fDm was heated, together with the sut)strate, for 15 minutes at 220*^ to cause crossGnking reac^ 



22 



EP0 4d1 560 A2 



tion in the resist. At this point the first cmssiinkable positive resist layer was rendereid insoluble in developer. 
- ITien a mask bearing a pattern of the ink channel was piaoed on the ciosdinked positive resist film, which was 
then contact exposed to light in a Canon PlJ\-520 niask aligner, with an exposure dose of atiout 120 mJ/cm^. 
Because of decomposition of polymer chains by expo^^ure, thie exposed area became soluble in developer in 

5 the 8ut)sequent devdoping step. 

Then, on the fiist photosensitive material layier, a j^O;^^^ sdutk>n of n-lMjtyl methacrylate/methaGiyiic 
add/rnethacryl chlbricfo copolymW (mc^ar ratio « 4C^ iOl/i , cros(8flfildng tempmtura 143.4''C, see Fig. 12) dis- 
solved in rh-tMJtanol was coated as the second photosensitive material layer (Grossrmkat)le positive resist) end 
was dried for 1 hour at 80^0 to obtain a thickness of 20 ^m after drying. The second phiatosensitlve nfiaterial 

10 layer was heated for 1 6 minutes at 170*C (Jz = 1 70^C), then a mask bearing a pattern corresponding to the 
ink discharge openings and ink supply opening was placed on the second layer, and the layer, was exposed 
to light in the eame manner as the fonst photosensitiye nnatsrial layer, with an exposure dose of about 100 
mJ/cm2. 

Subsequentiy saU sut)Strate was immersed in developer (methyllsobutyiketone) and subjected to the 
15 development of the first and second photosensitive material layers for about 30 nruniites under agitation, 
vfhereby the Ink discharge openings, ink supply opening and ink channel were formed. The first and second 
photosensitive material layers could be developed without residue. The liqukl-dischaiging recording head was 
completed by fihaliy attaditng an ink supply member to the Ink supply opening. 

The leoordlng head was capable of stable printing qpfratton, when it was mounted on a recording 
20 apparatus and used In recording, utilizing Ink consisting of piire water/glycerin/Dlrect Black 154 (water soluble 
black dye) = 65/30/5. 

Also in a recording test for6 monttis on a recording apparatus, the recording head did not show any unstable 
ink discharge resulting from precipitation into the inker ifrani block of discharge 
printing and was completely free from defonnation of slai 
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A liquid-discharging recording head was prepared in a similar manner as in the example 4, except that the 
first photosensitive material layer was composed of methyl mettiacrylate/methacrylic acid copolymer (molar 
■■ 30 ratio 1 0/1 ; cn3ss!tnldng temperaturs 1 83'>C; heated for 1 5 minutes at 200''C), and tfiat the second photosensitive 
material layer was composed of n-butyl mettiacrylate/mettiacrylic acid copolymer (molar ratio 20/1 ; crosslinking 
tsmperature 152.1^0; heatedfor20mlnutesat 165^C).Thesecondlayerwasfonnedasadryfilmandlaminat^ 
on ttie fast layer. 

In a recording test for 6 months on a recording apparatus^ the recording head did not Sfhpw any unstable 
36 . ink discharge resulting from precipitatbn into the ink or from t>locking of discharge openings, was capable of 
' stable printing and was completely free finorh defomiation of the discharge opening. 

Example 6 

40 At first thennally crossllnkable positive resist was syrij^^ 

Methyl methacrylate and glycidyl methacrylat€f widre respiMvely vacuurh distilled. Then 80 parts by weiglit 
of methyl mettiacrylate and 23.4 parts of glyddyl niethaorylate (20 mbl. %) were dissoh^ed in 100 parts of tet- 
rahydrbfurane, then were added with 0.5 parts of azdbl^isbbu^riitii^ (AIBN), and radk:al polymerization was 
conducted under agitation for 5 hours at 60**C. The reaction mbcture was then drown in 1000 parts of cyo- 

45 lohexane to collect the resin. The collected resin was again dissolved in 200 parts of tetrahydroturane, then 
repredpltated by drowning in 1 000 parts of cyclohexane, and washed. After drying in vacuum for an entire day 
at 60^C, the resin was dissohred in cydohexanprie at a concentration of 25 wt%. Resist solution was obtained 
by adding 0.1 parts of 10wvt% cydohexanone s<rfutibn of trietiiylenetetramine based on 1 00 parts of the resin 
solution. 

50 A liquid-discharging recording head of the structure shown in Rg. 7 was prepared according to the process 
. . shown in Figs. 1 to 7. At flist, on a glass substrate provkled thereon with eledrotiienhal converter elements 

(heaters composed of HfB^ constituting the energy generating elements, the akxive-mentiooed resist solutfon 

was coated with a wire bar of #60, and dried f<H: 30 minutes.at 80^. The otitained resist film was hardened for 

- 10 minutes at 120'*C, and had a thickness of 30 ^m. 
55 '^ Then the resist film was subjected to ttie contact exposure of a pattern of ink channel, w^ 

■ UV Xe-Hg lamp made by Ushto Qedric Ca The exposure was conducted for 10 minutes, witti a dose of 60 

J/cm2. 

Then, on the above-mentioned film, a fBm of the resjst was formed by iamlriiation. At first the resist solution 
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■was coated with a wire bar of #70 on an aiamide film of a thid^hess of 25 pjfi (supplied by tpiay Co.), and dried 
• * for 30 minutes at dO^'C. Then the coated film ¥/as maintained in contact %vlth the sut>strate, and transferred 
thereto wtth a lamlnator. The laminatlor> was conducted at a temperature of IpO^C and a piessure of 1 kg/cm^.. 
After the transfer, the resin film was crosslinked by heating for 10 minutes at 120*^. The upper resist fOm had 
5 a thickness of 20 }un. 

the upper lesist film was subjected to the exposure of a pattern of the ink discharge openings in a similar 
manlier as described at>ove/The expo^ire was cbriduc^ 

Subsequently the resist f^ms were developed With developer consisting of a iriixture' of methylisobutyf- 
ketone and ethyl alcohol with a volume ratio of 1 : 2. After the development, the resist flms were cured by heat- 
10 Ing fori hour at 80*<;. 

The liquid-discharging i^ecordlng head was c^onii^ eted by finally adhering an ink supi^y connection member 
• 10 and making electrical connections. The obtained recording head was capable of 8tat)le printing, when ft was 
mounted on a recording apparatus of the structure shown iii Fig. 10 and used in a rsoording operatton, employ- 
ing ink consisting of pure water/glycerin/Direct Black 154 (water soluble black dye) - 65/30;5. 

iS 

Examine 7 

Synthesis, washing and drying of resin were conducted, as the example 6, by m'odng 72 parts of distiilecl 
methyl methacrylate, 28 parts of glycMyl iriathacrylate, and 8 parts of me^aciylic add in 1 00 p^rts of tatre|hyd-^ 
20 rofurane and adding 0.5 parts of AiBN thereto. Resist solulSoh was prepared by dissolvnig the obtained resin 
In diacetone alcohol at a concentrattori of 25 wt%, and adding 
On the glass substrate used in the example 8. proykiedt^^ 
a penetrating hole for Ink supply was fonmed with a diarnohd drill of 300 |un4>. in a position constituting a part 
of the ink channel in the vicinity ctf the electiothennsJ conye A film of the resist was formed on 

25 the sutistrate by lamination, in a similar manner as in the exp^ 6. The obtained film wa^ crosslinked by bak- 
ing for 30 minutes at 120X, and had a thickness of 30 jim^ 

The resist film was exposed to a pattern of the ink diarinei by means of an electron beam. Tlie exposure 
' was conducted with a dose of 200 liC/cm^ on an Eibriix electron beam writirtg apparatus ELS-3300. On the 
' liesist filmt there was fonned a film of the resist synftie^ized in the example 6 by lamination, and baked for 10 
30 minut^ at 120^. Tlie thickness of thus obtalneid i^ist filin^^ 20|im. The substrate was agajn mounted on 
the electron beam writing apparatus, and was subjepted to the exposure of a pattern of the ink decharge open- 
ings, with an exposure dose of 1 50 CicmK Subsequently the first resist film was developed with a 1 : 3 mixture 
of methyiteobutylketone and diethylene glycol, tiien the second resist film was developed with a 1 : 2 mixture 
of methylisobutylketone and ethyl alcohol, and the films were cured by heating for 1 hour at 80^C. 
55 ■' A piece of sponge was placed In an ink tank molded with acrylic resin, and the ink used In the example 6 
was filled therein. Then the Ink tank was adhered, with epoxy adiiesive (Araldite supi^ied by 3M Co.), in a posn 
tion on the rear feice of the substrate, capable of ink supply to the ink supply opening. Also electric wiring was 
fbmried for supplying the eiectrothennal converter elenien^^^ 

The atx>ve-exp!ained Ikiuld-discharging recording head was capable of stabte recording, when it was 
40 mounted on a recording apparatus shown in Rg. 1 0 an^ wajs used in a recording operation. 

£xahiple 8 . , ,^ \ 

As a represehta^e crossllnkable positive rested oopplyir^^ and 
45 methaoyt chloride was synthesized. 

At first 60.07 g (0.6 md.) of methyl methacrylate, i2.61 g (0.03 moL) of methacrylic add and 0.25 g of 
azoisobutyronitrlle were dissdved In 90 g of benizen^ and stirred for 4 hours at 60*^0 under a nitrogen fiow. 
Then hexane was gradually added to the reaction mbcture to obtain white vIsoais predpitate. The precipitate 
was dissdved again In benzene, then repredpitated with hexane, and finally lyophQyzed from benzene sotutton 
50 , to obtain white pdymer A. ■ The methyl methaoytate, methacrylic acid and methacryl chloride were 
. copdymerized in the above-explained manner, with a mdar ratib of 0.52 : 0.013 : 0.0013 to obtain white 
pdymer B. Cros^lnkat^e positive resist was prepared by mbdng the polymers A and B. 

Then a liqukJ-disdiarglrYg recording head was prepared of the structure shown in Fig. 7, according to the 
process shown in Rgs. 1 to 7. 
■'65 ' At f&rst, on a glass sul>strate provided thereon with dedfothermal converter elernenb 

- of HfB2) oonstituting the energy generating elements, solution of the crossllnkaUe positive resl^ (20 wL% sd- 
utkm of a mixture of the polymers A and B in equal amounts, d^soh^ed In an 8 : 2 mbdure of chlorobenzehe 
and dichloromethane) was coated as the firet pfuitdsensitive rhaterial layer, and was dried for 1 hour at 80<*C 
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to obtain a film with a thickness after drying of 25 ^ nrt Then the film, together with the sutistrate, was heated 
for 15 minutes at 200*0 to crosslink the resist At this point the first photosensitive matedai iayer is rendered 
insoiuble in developer Then a mask liearing a pattern of the irdc channel was piac^ on the crosslinked positive 
resist filnn. and contact exposure was conducted with a Canon PLA-520 mask aligner, with an exix}isure do^ 

0 of 80 mJ/cnn^. The polymer chains were decompo^ in the exposed area, which thus became. soluK>le in 
developer in a subsequent developing step. 

Then, on the positive resi^film, the second phobaiensttlve material layerwas formed by laminating a posi- 
tive resist dry film OZATEC R255, supplied by Hoechst, with a thickness of 25 fon. A mask bearing a pattern 
of the ink dischai^e openings and ink supply opening was placed on the second layer, and optical exposure 

.10 was conducted in the same manner as for the first photosensitive material layer, however, with the liglit of a 
wavelength of 300 nm or longer, obtained through a bbld iinirron The exposure dose to the second layer was 
about 100 mJ/cm2 

Sut>sequenily the sutistrats was immersed in developer (1 % aqueous NaOH solution), and the second 
photosensitive material layer was developed tor alK>Ut 30 minutes under agitation to form the ink dsc^arge 

IS openings and the ink supply opening. Then the substrate was prnmersed in toluene, and the first photosensitive 
material layer was developed for about 30 minutes under agitation to form the Ink channel. Though dependent 
on tiie employed resist material to some extent, the 'positive restet constituting the second photosensitive ma- 
terial layer is deficient in the mechanical strength, solvent resistance and heat resistance after tieating, so that 
these properties were Irhproved by heating for 30 minutes at 1 50^C. The liquid-discharging recording head was 

20 .completed byflnallyfitting an ink supply member to the Ink supply, opening. . 

The recording head was capable of stable printing, when it was mounted on a repofding apparatus and 
was used in a recording opmition with ink consisting of pure watei/glycerin/Dlrect Black 154 (water soluble 
Wack dye) = 65/30/5. 

In a recording test for 6 months on a recording apparatus, the recording head did not show any unstable 
2S Ink discharge resulting from predpitato In the ink orlrom blocking 

printing and was completely free from deformation of the dlsdiarge openings. 



' Examples 

> so In the example 8, the second photosensitive mateirial layer was replaced by a film of a thidmess of 25 pm, 
obtained by lamination of a dry film prepared by adding 5 wt% of 4,4'-diazidocaloon to cydized polyisc^rene 
lesilst OEBR-800 supplied by Tokyo Oka I ndushles Co. The second photosensitive material layer was negative 
type resist, and the exposure was conducted in the same?^ 

bearing a negative pattern corresponding to the ink.dlschaige openings and the Ink supply opening. Subse- 
\ 35 quentiy the Ik^uld-discharglng recording head was prepared in the same manner as In the example 8, except 
* . that toluene was used as the developer for the second layer. 

In a recording test fcx- 6 months on a.recordjhg apparatus, the recording head did not show any unstable 
ink discharge resulting firom predpitate in the ink or from blocking of disdiaige openings was capable of stable 
printing and was cdmi^etely free from defomfiation of the openings. 

40 

Example 10 

The present example employed photosendtive materials (redste 
tral regions. The lower first photosendtive nmterid layer consisted of resi^ 
45 the upper second photosensitive material layer condsted of resist sensitive to idtravldet light of a wavelength 
. of 300nm. 

A liquid-discharging recording head of the strudure shown In Fig. 7 was prepared according to a process 
shown In Figs. 1 to 7. 

At flr^, on a glass substrate, provided thereon witii elei^ 
50 of HfBz) constituting the energy generating demehte; negative resist consisting of chlorom^ylated polys- 
tyrene (CMS-EX applied by Tohso Co.) was boated with a thickness of 25 )&m, and was baked for 1 hour at 
'r:' 80^C. Then the substrate was mounted on an BtonU d^trbn beani drawing apparatus ELS-3300, and the pat- 
terning of the ink channd was conducted under ah accderatioh voltage of 30 kV and a radiation dose of 40 
jiC/cm2. • - 

■65 ' - Separately resist was prepared t>y dissd^nng polyvlnylphenol (Resin-M supplied by Manizen Petrochem- 
k»l Co.), added with a 5 % amount of 4/4'-diazkiocaIcon (A-013 suf^tied by Shinko Qiken Co.), In n-butyl 
dcohol, and fStering the obtdned sdution with a 0^ ^m filter. This redstsdution was sp 
resist, so as to obtein a thickness of 20 fun, and was pret>aked for 30 minutes at SO^'C. A nradc bearing a pattern 
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of the ink discharge openings and Ink supply opening vyas placed on thus formed layer, to which qontact expose 
ure was gh^ by a Canon nissk aligner PLA^SZO modifted fbr the deep UV l^ht the reflecting minor used 
was for a wavelength of 290 nm. and the exposure dose was about 800 itiJ/cnr^. 

Subsequently the substrate was Innmersed In alikallne, developer (MlF-312 supplied by Hoechst) for 10 

' 5 minutes to form the ink discharge openings and the ink supply opening, and then was immersed in developer 
(toluene) for CMS-EX resist for 30 minutes with the application of uttrasonlc wave, tofonm the ink channel. Since 
the resists after patterning were deficient in the mechmical solvent resistance and heat resistance, 

these properties were improved by hardening with the deep UV light of 300 nm or8h<»ter, and by heating. The 
hardening was conducted for 20 minutes wHh the light from a 3 KW Xe-Hg lamp made by Ushio Electric oo., 

10 and then the heating was conducted for 30 nnihuteis j^^^^^^ 

Tiie liquid-dischaiging recording head was cbihpleted by finally adhering an Ink supply memt>er to the ink 
supply opening. 

The recording head thus prepared was capat)le of stal>ld printing, when it was rrKninted on a recording 
apparatus and used in a recording operation with ink conssting of pure water/glycerin/Direct Black 154 (water 
IS soluble black dye) = 65/30/5. 

Example 11 

This example employed same negative working resist for fiie upper and kfwer resist layers. 
20 As in the example 10, the sut>strata was ooked, as the lower resist layer, with the cyclteed polyls<^>rene 
resist (OEBR supplied by Tokyo Oka industries Co.)/8idd<^^ a 2 wt% anrK)unt of the bisazide compound 
employed In the example 10 (4.4'<iiazidocalcon). with^%|^^ of 25 pin. As in the example 10, the resist 
layer was exposed to a pattern of the Ink chanhd, ti^j^i^n^ ultraviolet l^ht of 300 nm, with an exfrnuie 
dose of 800 mJ/cm2 

25 Separately, same solution as that for the lower r^i^la^r* cont^ining however ttie bisazkle conipbund in 
1 0 wt %, was coated with a bar coater with a tiiickness of 20 pm on a polyethylene terephthalate film of a thick- 
ness of 100 pm. After the coated film was prebaked i% .Ihbur at 80*^ and In vacuum for removing the solvent, 
it was transferred tsy lamination on the substrate, branng' thereon the afaready patterned lower resist lay^. The 
laminatton was conducted at a temperature of 120''C and a pressure of 10 kg/cmi^. 

30 Then thus formed resist film was subjected to the exposure under same conditions as those for the lower 
resist film. The exposure dose was 100 mJ/cm^ at which the lower resist layer did not cause gelation. 

After tiie mposure, the substrate was developed for ZO.minuteis in toluene, and rinsed for 5 minutes in iso- 
propyl alcohol. Sut>sec|uentiy UV hardening was conducted as in the example 10. The llquid-dlschai^ing record- 
ing head was completed by finally adhering an Ink supply member to the ink supply opening. The recording 

35 head thus prepared was capat)le of steble printing, when it was nminted on a recording apparatus and used 
in a recording operation employing ink consisting of pure water/glycerin/Direct Blade 154 (water soluble black 
dye) = 65/30ffi. 

E?«WTple 12 

40 ••; 

This example employed the photosensitive resin matc^ls of different sensitivfties for the upper and lower 
layers. 

Acrylate prepolymer Aronbc M-312 supplied by Tod Gosel Kagaku Co. and acrylic resin Elvacite 2041 sup- 
plied by DuPont were mbced in a ratio of 70 : 30 and were d^soWed in ethyl acetete. Two solutions were prep- 
45 ared from the above-mentkmed solution, by adding respectively 3 parts of 2-chlorotiik)xanthone (suppll^ 
Tokyo Kasei Shiyaku Co.) based oh the solid contenti pr 3 parte of 2-chiorothkixanthone and 2 parte of ethyl 
p-dimethylamlnobenzoate. Each of these sdutions was coated with a bar ooater so as to obteln a tihiickness of 
30 pm on an aramide film (supplied by Toray Co.) of a thickness of 20 pm, and the obteined film was laminated 
. onto the glass sut>strate and subjected to the sensitivity measurement on a Mikasa mask aligner MA-10. The 
50 system oontaliiing ethyl p-dimettiylanftinot>enzoate showed a sensltivlly which was 5 tb^ 

'not containing the compound. More spedflcally, the amine-oontaining system showed a film.thtekness of 18 
pm after toluene development In response to an exposure time of 20 seconds, while the amtne-free systeni 
stiowed a smne film thickness in resporise to an exposure time of 100 s^ 

The atxive-mentk>ned photosensitive resin, not conteining amine, was laminated onto the substrate In the 
55 same manner as in the example 10, and was subjected to the ^qposure of a pattern of the ink channel by the 
• • light from a high-pressure mercury imp in the mask aligner, with an exposure time of 150 seconds. 

Then the aramide film on the resist surface was peeled off, an amine-containing resist film was laminated 
in a similar manner, and exposure of a pattern of the ink discharge, openings and the Ink supply opening was 
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conducted, with an exposure time of 20 seconds. After the aramide film on ttte resist surface was peeled off, 
the resist layers were developed with toluene for 20 minutes. After the ctevelopment, a hardening exposure was 
conducted for 10 minutes, followed by heating at 120^0. Thereafter the recording head was prepared In the 
same manner as fn the example 10. The obtained recoitJing head was capable of stable reooidtng. 
5 - ' 

Examyrfe 13 

A liquid-discharging recording head of the etiuctiire shown in Fig. 20 was prepared according to a process 
, shown in Rgs. 13 to 20. 

io At firet, on a siicon sut)strate 41 provided therron with dectrotheirmstl converter elennents (heaters cootv 

posed of HfBz) constituting energy generating elements 42, a dissolvabte non-crosslihidng resist pattern 43 was 

fomied, for defining the Ink channel and the ink cfischairge bpeni^^ 

The resist, consi^ng of polymethacrylamkle FMR-1 00 supplied t>y Fuji Photo Film Co., was coated with 

a bar coater so as to obteln a thickness of 25 pm and prebaked for 1 0 m inutes at WC. Exposure was conducted 
IB with the light reflected l»y a cold mhror for 250 nm. In a Canon mask aligner PLA-^IFA modified for the deep 

UV exposure, with an exposure dose of 1000 mJ/cm^. Development was conducted with developer MIF-312 

(supplied by Hoechst), diuted to 1.5 times wtth Dl water. 

On Che resist pattern 44, thermally crosslinkable positive resist 45 Was coated by a bar ooater with a Mdkr. 

ness of 50 pm, in the following nranner. 
20 A 20 % solution of methyl methacrylatB-m^hacryiic add oopolymer (80 : 20) (supplied by Poiysderioe Co.) 

dissolved Inl : 1 nfUxtureof cydohexanoneand i,4^ioxianbwas 

of soh^ent by heating for 1 hour at 80^C, thermal hardening was conducted for 1 hour at 200**C. The obtained 
film had a thickness of 60 pm-, and was insoluble in any solvent 

Then the substrate was contect exposed to the deep UV light through a mask 46 bearing a pattern of the 
25 Ink channel, on an irradiation apparatus utiizing a 2 KVV Xe-Hg lamp supplied by Ushio Electric Co., with an 
exposure tin^ of 10 minutes and an exposure dose of 120 j/on^. 

After cutting with a didng saw, the substrate was developed for about 3 minutes under agitetion in 1 , 4- 
^dioxane, thereby fonmlng the ink discharge openings ;48, ink supply opening 50 and ink channel 49. 

Subsequentiy it was immersed In dev6loper.MIFT312 for 30 minutes, in order to dissolve the pattern oon- 
30 sisting of the resist FMR-IOO, thereby completing the liqulcMischai^ing recording head 51. 

Finally the recording head was obtained by adlierlng an Ink supply member to the ir^ supply opening. 
The recording head thus prepared was capable of stable printing, when it was mounted on a reocuding 
apparatus ^own in Rg. 10 and was used In a recording operation with ink consisting of pure 
water/glycerin/Direct Black 154 (water soluble black dye) » 65/30/5. 
ss Also tiie thermosetting resin, constituting the ink channel, showed satlstedory adhesion, over the entire 
area, to the sutistrEite. 

Example 14 

40 /\s in the example 13, a dissdvable ncnv-crossiinldng resist pattern was formed to define tiie ink channel, 
on a subsbBte provided with the electrothermal converter eiemente. The pattern was formed by an image rev- 
ersal process, in order to improve the sdvent reslstenoe and heat resistance of the resist pattern. 

The resist consisted of AZ-4903 supplied by Hoechst, and was coated with a spin coater so as to obtain 
a thickness of 25 pm. After prebaking for 10 miutes at 90X, it was subjected to a pattemwise exposure on a 
4S Canon mirror projection aligner MPA-600FAb, with ari exposure dose of 200 counts. After baked for 30 minutes 
. at 90^C, tiie substrate was flush illuminated on a Canon mask aligner PLA-520FA. Thereafter pattern was for- 
med by developnient with MIF-312 developer. : - . 

Sut>sequently, oh the pattem, there was forirn^ a fbm of methyl niethacryiate-glycidyl methacrylate 
copolymer, which was synthesized in the fdlowing mariner. 
.50 The copolymer was synthesized by dissdving 200 ntl of distilled methyl methacrylate (KIshlda Chemical 
Reagent Co.) and 30 ml of glyddyl methaciylate (Kishkia Chemical Reagent Co.) In 300 ml of t>enzehe, then 
adding 1 g of N, N'-azobteisotxityronitr2e (Kishkia Chemk^al Reagent Co.) as polymerization Initiator, and stir- 
' -ring the mbcturefor4 hours at eo^'C. Resin was collected by drowning the reaction mixture into 500 ml of eye- 
lohexane, then dried and dissdved in toluene at a concentratk>n of 20 wt.%, to otjtaln oopdymer sdutra 
. 65 . the resin is cMsslinked thennaQy by the epoxy radical, tetraethylenetetramine (Kishida Chemical Reagent Co.) 
was added as amine at a conoentratkm of 0.5 % immediately t>efore coating. 

The sdutiori was coat^ vnti} a bar coater onto the substrate, and the resin was cured by baking for 20 
minutes at 100*C the obtained film had a thickness of 60 prn. 
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The patterned exposure, substrate cutting and pattern deyelopnient of the ink channd and the ink supply 
opening were condu^d in the same nnanner as In the example 1 3, utilizing a deep UV irrad^ting apparaUiis 
supplied tiy Ushio Electaic Co. The fnadlation dose and deyetopinjg conditions were same as those in the 
Example 13. 

5 Sut)sequentiy the Ink channel was fonmed by dissolutidn of positive resist, by immer^n in isopropyl 

aloohok 

After fitting of an ink supply nriember as in the example 1 3. the recording head was capable of satisfactDiy 
printing, and the thermosetting resin constituting the nozzles was satisfactorty adhered to the aub^fes. 
The effects of the prssent invention explcdned at>6ye are Rsted beiow as representative ones: 
10 . . . 1) ^ the ntain process steps for head ^parertion are cqndui^d by a photolithographic process utilizing 
photoresist, the fine structure of the head can bi^ .^^dremely easQy fonned with a desired pattern, and a 
plurality of heads of a sanne structurid can be es^i^^ 

2) Formation of discharge openings does hot necessarily require a cutting step, and the distance t>etween 
the energy generating element and the ink discharge opening can be controlled by the thicicness of a resist 

f5 film. It is therefore rendered possible to produce/ in stable manner, recording tieads having a constant dis- 

. tancet>etween the eneigy generating element and the discharge 
dischai^e openings, thereby improving the yieid i^helad pr^ 

3) Recording heads of a high dimensional precision can be produced with a high production yield, since 
main constitiitional members can t>e aligned in easy and secure nrtariner; 

20 4) Head manufacture Is possit>le vdth at least two restet coating and exposnig steps and one developing 

step, and an Improvement in the production efficiency and a reduced investment in equipment can be 
realized from a shortened production process; 

5) A high-density multi-discharge opening recording Head can be obtained in a simple ntanner; 
. 6) Change and control of design are easily attained, since the height of the ink channel and the diameter 
• 25 of the ink discharge openings can be simply and accurately nrK>difled by the thickness of the resist film; 
and 

7) Since the fine structures do not need adhesion with an adhesive material, the recording head is protected 
from deterioration of performance, resulting frbrn evephiai^.l^ of the ink channel and/or the ink dis- 
charge opening by the adhesive material. 




A method for producing a liquid discharging recording head including an ink discharge opening, ah ink 
supply opening, an ink channel cornmunlcatlhg with said ink discharge opening and.said ink supply open- 
ing, and an energy generating element provided corresponding to said ink channel and adapted for 
generating ene^ to be utilized for ink discharge, oomjf>rising the steps of: 

forming a first photosensitive material layer for ink channel formation, on a sut>strate bearing the- 
reon said energy generating element; 

pattern exposing said first photosens'^e material layer for forming the ink channel; 

fonning a second photosensitive material layer on said first photosensitive material layer; . 

pattern exposing said second photosensitive material layer for forming the Ink discharge opening 
and the ink supply opening; and 

developing said first and said secorid layers of phofosensitive niaterlals. 

A method for producing a liquid-discharging recording head Including an.lnk discharge opening, an ink 
channel communicating with said ink discharge opening, and an energy gerieratihg elemieint provided cor- 
responding to said ink channel and adapted fbr geiieratihg energy to be utilized for Ink discharge, com- 
prising steps of: 

fomning a first photosensitive materia! layerfor Ink channel formatkm, on a substrate bearing the- 
reon said energy generating element and proVidecl ttiersin with said Ink supply opening; 
pattern exposing said first photosens^e/material layerfor forming the ink channel; 
forming a second photosensitive inaterial layer on said first photosensitive material layer; 
pattern exposing said second photosensitive material, layer for forming the ink discharge opening; 

and 

developing said fffst and said second layers of photosenstthre materials. 



1. 

35 



40 . 



46 



3. A liquid-discharging reccvding head produced by a method according to daim 1 or 2. . 
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-4. A liquid-disGharging reoordtng head accordrng to daim 3, wherein said energy generating element » an 
etectrothemial transducer adapted to generate thermal en^gy as the energy. 

5. A liquid-discharging recording head aooofding to dairn 3, fbrnited as a full-line type head having plural ink 
5 discharge openings, anranged over the entire width of a reopnJihg area of a recording medium. 

' 6. A liquid-discharging recording apparatus oompflsing: 

a liquid-discharging recording head according to dalm 3» having the Irdc dlschaige opening in 
opposed relationship to a recording face of a recording medium; and 
10 a member for supporting said recdrding head. \ 

7. A method for produdng a liquid-discharging reicorcfing head Indudlng an ink discharge opening, an ink 
supply opening, an ink channel communicating with said nik discharge opening and said Ink supply open- 
ing» and an energy generating element provided conresponding to said ink channel and adapted for 
IS ' generating energy to be utilise for ink discharge^ comprising the steps of: 

" ' A) fonming a first photosensitive material layer for ink channel formation composed of a thennally 
crossllnkable positive resist on a substrafe-biearlhg thereon said energy generating element, thermally 
crosslinking sakl resist, and pattern exposinig said crossHnked first photosensitive material layer by an 
: ionizing radiation for fomning the ink channel; 
20 ^ B) fonming a seoond photosensitive material l^er ccnnposed of thermally crossllnkable positive resist 
on said exposed first photosensitive material layer, themtally crosslinking said second photosensitive 

- material layer, and pattern e)^sing said crosslinked second photosensitive material layer by an ionlr 
zing radiation for forrning the ink discharge opening and tiie ink supply opening; a 

C) developing the latent images fornied by the pattern exposures in said first and said second photo- 
26 sensitive material layers; 

wherein said steps A, B and C are conducted in Recessive order. 

a. A method for producing a liquid-discharging recqnilng head indudlng an ink discharge opening, an ink 
channel communicating with said ink disdiarge. opening, and an energy generating element provided oor- 
30 responding to said ink channel and adapted fof^generafing energy to be utilized for Ink discharge, com- 

prising the steps of: ; ir-Jv 

A) fonning a first ph(^osensitive material layer fqir ink c^annd formation composed of a thenrnaily cross- 

- linkable positive resist on a sul>strate beating theteon said energy generating element and provided 
tiiereln with sakl ink supply opening, themiaJiy crosd sakJ resist, and pattern exposing said 

35 crosslinked first photosensitive material layer by an ionizing radiation for forming the Ink channel; 

. B) fonning a seoond photosensitive materiallayer composed of thermally crossllnkable positive resist 
on said exposed first photosensitive material layer, thennally crosslinking said second photosensitive 
material layer, and pattern exposing said crosslinksd seoond photosensitive material layer by an Ioni- 
zing radiation for forming said ink discharge opening; and 
40 C) developing the latent Images formed by the pattern exposures in said first and said second photo- 

sensitive material layers; 

wherein said steps A, B and C are oonductsd in successive order. 

9. A iiqukl-discharging recording head produced by a mettiod according to dalm 7 or 8. 

- ■ : 10. A liquid-discharging recording head according to dalm 9, wherein saM energy 
electrethermai transducer for generating thermal energy as the e 

11. A llquid-dlsdiarging recording head according to dalm 9, constructed as a fuli-line type head having a 
so y ' plurality of ink discharge openings arranged over ttie entire Width of a recording area of a reoording 
medium. 

- 12. A iiquki-discharging recording apparatus oomfHising: ' ' . 

a liquld-dlschargtng recording head adcbrding to dalm 9, having the ink discharge opening in 
' 55 ' opposed rdatk)nshp to a recording foce of a recdiding medium. 

13. A method for produdng a liquid-discharging recording head Indudlng an ink discharge opening, an ink 
supply opening, an Ink channel communicating with said ink discharge opening and sakt ink supply open- 
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ing, and an energy generating element provided cxHresponding to sa!d Ink channel and adapted for 

generating energy to be utilized for ink discharge, comprising the steps of: 

A) foirning a fast photosensitive material lay^ for Ink channel formation composed of a thermally 
crossiinkable positive resist an a substrate bearinp thereon sM energy generating etenoent, themfially 
crossiinking said res!^, and pattern exposing said-msslinksd first photosensitive materfsd layer by an 
Ionizing radiation for forrriirig the ink channel;^^ ^ 

. B) forming a second photosensitive nnaterlal layer pornposed of tiiermaOy crossiinkable positive resist 
on said exposed first photosensitive matBrl&tl layer, thermally Grossllnklng saM second photosensitive 
material layer at a crossiinking temperature not exceeding that of the first p to 

and pattern exposing said crosslinked second photosensitive material layer by an ionlzirig radiation for 
forming the Ink discharge opening and the ink supply opening; and 

C) developing the latent Image formed by the pattern exposures in said photosensitive material layers; 
wherein eaki steps A, B and C aris oonductsd In successhfe order. 

14. A method for produdng a liquid-discharging recording head including an ink discharge opening, an ink 
channel communicating witti said ink discharge opening, and an eneigy generating element piovkied cor- 
responding to said ink t^annel and adapted for generating energy to be utilized for ink dischaige, com- 
prising the steps of: 

A) fonning a fffst photosensitive material layer for ink channel formation composed of a. thermally 
crosdinkatrfe positive resist on a sut>stratB besoing thereon said energy generating elemerit and pro- 
vMed therein with said Ink supply opening, thermally opsslinking sakJ resist, and^pattam exposing said 

. ' - crosslinked first photosensitive material layer by^an ioni^ng radiatioh for fonmfng the ink channel; . 

B) fomiing a second photosensitive material l^yer c^ of thermally crossiinkable positive resist 
. on said exposed first photosensitive material layer, thermally crossiinking said second photosensitive 

material layer at a crossfinkiiig temperature rot e^ that of the first photosensitive niaterial lay^r, 

and pattern exposing said crosslinked second ^hotbseriisiitive materia! layer by an ionizing radiation for 
fonning the ink discharge opening and tiie Ink supply opening; and 

C) devebping the latent images formed by the pattern exposures in said photosensitive material layers; 

wherein saki steps A. B and C are cori^lupted in successive order. 

15. A fiqukJHjischargIng recording head produced by a 

16. A liquid-discharging recording head according to daim 15, wherein said energy generating element Is an 
electn>tiiernrial bansducer for generating thennal energy as the energy. 

17. A llquki-discharging recording head according to claim 15, constructed as a lulMine type head having a 
plurality of ink disdiarge openings arranged over the entire width of a recording area of a recording 
medium. 

1& A liquid-discharging rec<»xling apparatos comprising: 

a llquid^ischarging recording head acoordirig to claim 15, having the Ink discharge opening in 
opposed relationship to a recording face of a recoi^ing^^^^ 
a mmnber for supporting said reoordirig head. ^ 

19. A method for producing a liquid-discharging recording head, comprising: 

a first step of forming a first poslth^e oosslinkable photosensitive materia 
group on a substrate bearing thereon an element for generating energy for Ink discharge, thermally 
crossiinking said first positive photosensitive niaterfal layer,' arid exposing said thermally ciossllnked first 
positive photosensitive material layer to Oght, thereby forming a latent image of a liquid channel; 

a second step of forming a second positive crossiinkable photosensitive material layer oonteinlng 
an epoxy group on the first positive photosensitive rnaterial layer tiaving the latent image therein, thermally 
crossiinking said second positive photosensitive material layer, and exposing sakJ crosslinked second 
positive photosensitive material layer to light thereby forming a latent image of a liquid discharge opening; 
.• -iand 

a third step of developing said first and said second positive photosensitive material layers having 
the latent images therein, theretyy forming the lk|ukl channel and the Tiquid discharge opening. 

20. A method for producing a liquid-disctiarging recording head according to plaim 19, wherein said positive 
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photosensitive materia] iayeis are pomposed of a potymer compound in which glyctdyi methacrylate Is 
copdymerized in an amount of 5 to 80 moL%. 

21. A Oquid^ischarging recording head produced by a method according to daim 19 or 20. 

5 

22. A liquld-dischaiging recording head according to claim 21, wherein said element for generating energy 
for Irik discharge is an electrothermal transducer adapted for generating heat in response to eledric 
energy, thereby causing a state change in the ink to induce discharge thereof. 

10 23. A liquid-discharging recording head according to, claim 21, constructed as a full-line type head having a 
plurality of liquid discharge openings arranged, dv^^r ttie entirs wkith of a reocmling area of a racording 
medium. 

A recording apparatus comprising: 

a recording head according to daim 21 . having the ink disdiarge opening in opposed relationship 
to a recording face of a recording medium;.and . 

a member for supporting said recording head. 

25. A method for producing a liquid-discharging recording head indudlng an ink discharge opening, an ink 
20 . supply opening, an Ink channel communicating with said Ink discharge opening and said ink supi^y open- 
: ing, and an energy generating element provided conresponding to saki ink channel and adapted for 
generating energy to be utilized for ink disctiarge, cornprising the steps of. 

forming a first photosensitive material layer for hk channel formation composed of a themnally 
crosslinkable positive resist ransitlve to an ionizinaradiatk)n, on a sub 
25 generating element; 

Insdubilizing said first photosensitive material j^tyer by crosslinking; 

pattem exposing said insolubillzed first photosensitive material layer by an tonlzlng radiation for 
forming the ink channel; 

forming a second photosensitive materkd j^er, Sensitive to light of a main emisston wavdength of 
so 300 nmorlonger, on said first photosensitive rfidtBri^^ • 

pattem exposing safd second photosensib've niaterial layer by a light with a main emisston 
wavelength of 300 nm or longer for forming the ink disdiaige opening and the irdc supply opening; and 
developing said first and said second photpsensith^e nlaterial layers. 

A method for producing a liquid-discharging recording head indudlng an ink discharge opening, an ink 
channel communicating with said ink discharge opening, and an energy generating dement provided cor- 
responding to said Ink channel and adapted for generating energy to be utilized for ink discharge, com- 
prising the steps oh 

forming a first photosensitive material layer for irik chanrwl formatkm, composed of a thermally 
crosslinkable positive resist sensitive to an ionizing radiation, on a substrate bearing thereon sakI energy 
genmting element and provided therein with ah ink isupp^y opening; 

insdut^izing said first photosensitive material layer by crosdlnki^^ 

pattem exposing sakI insolubaized first phbtc^jensitive material layer tiy an tonizlng radiatloh for 
fmning the ink channel; 

forming a second photosensitive material layer sensitive to light with a main emissk>n wavdengtii 
qf 300 nm or longer on said first photosensitive material layen 

pattem exposing said second photosensUye material layer by a light witii a imtn emissk>n 
wavelength of 300 nm or longer for forming th&lhic d^^ opening; and . 
developing said first and sakI seoond ptiotosie'nsitive layers. 

" • 

27. A liquM-dlscharglng recording head produced by a method according to claim 25 or 26. 

28. A lk|uid-discharging recording head according to dahn 27* wherein saki energy generating dement Is ari 
- - - electrotiiennal transducer adapted for generating thenmal energy as the energy. 

.55 

29. A liquid-discharging recording head according to clainri.27, constnicted as a fulMine type head having a 
- .plurality of ink discharge openings arranged ovcir.the entire width cff a recording area on a recording 

■ • - medium. 
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30. A |{quidKiis(iiariging recording apparatus oomprising: 

a liquid-discharging reoordlng head acbordlnig 10 daim 27, having the Ink discharge opening in 
opposed relationship to a recording face of a reccmlihg nieiBum; and 
a member for supporting said recording head. 

31. A method for producing a flquld-dlscharging li^^ixiinig head including an Ink discharge opening, an ink 
supply opening* an ink channel conununicating witti said ink dischaiige evening and said ink supfAy open- 
ing, and an energy generating elen^nt provided corresponding to said ink channel and adapted for 
generating energy to be utilized for ink discharge, comprising the steps of: 

forming a first negative photosensitive nrmterisd layerfor ink dtannel formation, having a predeter- 
mined pliotosensitive spectral regk>n, on a 8ut>8tiate bearing thereon said energy generating eleihent; 

pattern exposing said first photosensitive material layer w9iiin said predetermined photosensitive 
spectral region for forming the Ink channel; 

forming, on said first photosensitive material layer, a second negative photosensitive nuiterial layer 
with a photosensitive spectral region different from that of said first photosensitive material lay^ 

pattern exposing said second negative photosensitive material layer within said diffoent photosen- 
sitive spectral region for forming the ink discharge d|>ahlng and the ink supply opening; aind 

developing said first and said second photosensitive material layers. 

32. A method for producing a reobirdiiig head acophiihgjtodain) 31 > wherein said first and said second photo- 
sensitive nrraterial layers each contain different phbtopdyr^ whereby said layers have 
mutually diffierent photosensitive spectral regioiis. ^ 

33. A method for producing a liquid-discharging repcMdlng head Including an ink discharge opening, an ink 
supply opening, an Ink channel ccmmunicating With said ink disdiar^ opening and said ink supply open- 
ing, and an energy generating elen>ent provided corresponding to said ink channel and sKlapted for 
generating energy to be utilized for ink discharge, comprising the stops of. 

fonming a first negative photosensitive material layer for Ink channel fonmation on a substrate bear- 
ing thereon said energy generating element; 

pattern exposing said first photosens^ive materia! layer for fonning the ink channel; 

fonning, on said first photosensitive material layer, a second negative photosensitive nnaferial layer 
of a gelation sensltivlty.dlfferent from that of said first photosensitive material layer; 

pattern exposing said second photosensitive material layer; for fbrnfilrig the Ink discharge opening 
aiKl tiie Ink supply opening; and 

developing said forst and said secoiird photcisensitiye m 

34. A metiiod for producing a Ik^uid-discharging recording head iridudlng an Ink dischange opening, an Ink 
supply opening, an ink channel comrriunlcating with said ink discharge opening and said Irric supply open- 
ing, and an energy generating element provhded to said Ink channel and adapted for 
generating energy to be utilized for ink discharge, oqmprisirig steps bf: 

fonning a first negative photosensitive rhateiriid laye^ 
ing thereon said energy generating element; 

pattern exposing said first photosehsaive mafteHal layer foi^ forming the ink channel; 

forming, on said first photosensitive materiai layer, a second negative photosensitwe ma^al layer 
of an average molecular wielght larger than that 6f said first ptk^tosensltive material layer, 

patterri exposing saki seoond photosensitive material layer for forming the ink discharge opening 
and the Ink supply opening; and 

developing said first and said second photosensjthre material layers. 

35. A method for producing a liquid-discharging recording head Including an ink discharge opening, an Ink 
supply opening, an ink channel ocmirnuntcating witii said ink discharge opening and said ink supply open- 
ing, and an energy generating element jxovided corresponding to said ink channel and adapted for 
generating energy to be utilized for ink discharge,. comprising the steps of; 

forminjg a first negaith^e photosensitive rhaterial liayerfcr ink channel formation on a substrate b^a^ 
Ing thereon said energy generating element; 

pattern exposing said first photosensitive rrmterial layer for fonming the Ink ^annel; 

fomiing, on said first photosensitive rr^teria! layer, a second negative photosensitive material layer 
containing a larger amount of photopdymerization initiator than iii said first photosensitive maieriaS layer; 
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pattern e;^x»ing said second photosensitive ni^rial layer for fomiing the ink discharge opening 
and the Ink supply opening; and 

developing said first and said second phpt(^seiis|tive materia! layers. 

5 36. A method for producing a liquid-discharging receding head including an ink discharge opening* an ink 
channel communicafii^ with said ink dbchaige bpehihg. and an energy generating elenoent provided cor- 
responding to said ink channel and adapted for. generating energy to bo utilized for Ink dischaige, conn- 
prising the steps of: 

forming a first negative photosensitive material layer for ink charinel fonmatlon, having a predeter- 
10 riiined photosenslth^ sjsectral region, on a sutisttiate 

provkied therein with saM ink supply opening; . 

pattern exposing said first photosensftive materia layer wfthin said prsdetennlhed photosensitive 
spectral region, forfonming the ink channel; 

forming, on said first photosensitive material layer, a second negative photosensitive material layer 
IS with a photosensitive spectral region different from that of sakl first photosensitive material layen 

pattern exposing saki second negative photosensitive material layer witiiin said different photosen^ 
' sitive spectral region, for forming ttie ink discharge.opening; and 

developing said first and said second photosensitive material layers. 

20 37. A method for producing a recording head, according to claim 36, wherein said tirst and said second photo- 
sensitive material layers each containing different phdibpotymerization initiators, wheretiy said layers have 
mutually different photosensitive spectral regions; ^ > ^ 

38. A mettiod for producing a lic^id-dischaiging iBCOfidlhg h^ Inciuding an ink.dischaigef opening, an ink 
25 channett convnunicating with said ink dlschaige.6^n|ng. and an energy generating element provided cor- 
responding to said ink channel and adapted for ^ehdrating energy to be utiiizied for ink dischaige, conrt- 
prising tile steps o^ 

forming a first negative photosensitive material layer for ink channel fomnation on a substrate bear- 
ing thereon said energy generating element and^ provided therein with an ink supply opening; 
30 pattern exposing said first photosensfth^ material layer for fomriing the Ink channel; 

forming, on saki first pliotosensith^e material layer, a second negative photosensitive material layer 
of a gelation sensitivity to the exposing light differentfrom that of said fast photosensitive material layer; 

pattern exposing sakl second photosensitive material la^ for forming the ink dischaige opening; 

and 

35 developing said first and said second photosensitive material layers. 

39. A metiiod for producing a liquid-discharging recording head including an ink discharge opening, an ink 
channel communicating v^th said ink discharge optsniiigi and an energy generating element provided cor- 
responding to said ink channel and adapted for generating energy to be utilized for ink cUscharge, com- 

40 prising the steps of: 

forming a first negative photosensitive matsrlal layer for ink channel formation on a substrate bear- 
. Ing thereon said en^gy generating element and, pnrkride^ therein with an ink supply opening; 
pattern exposing sakl first phptosensitive;rrt^ 

forming, on sakj first photosensitive material, lay^, a second negath^is photosensitive mat^al lay^r 
45 of an average nKilecuiar weight larger than that of said first photosensitive materia 

pattem exposing said second photosensitive material layer for fcvmlng the ink discharge opening; 

and ■ ■ . : 1 ' ■ ' 

developing said fffst and said second photosensitive matertel layers. 

50 . 40. A method for produdng a llquid-discl]»rging recording head induding an Ink discharge op 

channel communteating witti said Ink discharge opening, and ah energy generating elentent provkied cor- 
responding to saki ink channd and adapted for generating energy to be utflized for ink discharge, com- 
prising ttie steps of: 

forming a first negative photosensitive nr^terial iayer for ink channel formation on a substrate bear- 
65 ing therson said energy generating element and provided therein with an ink supply opening; 

pattern exposing saki first photosensitive mateiiai layer for forming the ink diannel; 
forming, on saki first photosensitive material layer, a second negative photosensitive matertsd layer 
conteining a larger amount of photopolymerization initiator tiian in said first photosenstive material layer; 
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pattern exposing said second photosensitiye material layer for forming the Ink discharge opening; 
and . V . : - 

developing said first and said second photosbnslU^ 

41. A Hquid-discharging recording head produced by a method acobrdir^ to any one of the daims 31 to 40. 

42. A liquid-dischaiging recording head accordtri^ tb'dalih 41, wherein said energy generating element is an 
eiectrothernra! transducer for generMing themitjal m 

43. A llquld^ischarging recording head according to d 41 ; constructed as a foil-line type head, liaving a 
plurality of inic discharge operilngs arranged oveSr tihliei entire width of a recording area of a recording 
mediunr). 

44. A liquid-discharging recording apparatus ccHn^^sing: 

. a liquid-discharging recording iiead according to daim 41, having the ink discharge opening in 
opposed rdatlonship to a recording face of a recording rr^ium; and 
a member for supporting said recording head. . 

45. A method for producing a tiquid-discharging recording head indudiiig ari ink discharge opening, an Ink 
supply opening, an ink channel communica^g with said Ink dischiarge dpenfrig and said ink supply open- 
ing, and an energy generating element provided conresporKiing to said ink channel arid adapted for 
generating energy to be utHized for ink discharge, comprising: . 

A) a step of forming a first pliotosensitive material {ay<er composed of ian unax>ss!lnking resist on a sut>- 
. strate bearkig thereon said energy generating elerneht, pattern exposing said first photosensitive ma- 
terial layer for fomiing the ink discharge opening and the Irik chanh^ along said erneigy generating 
element, and developing said first photosenslbye mat thereby dissdving and nemoving saki 

material layer except for the portons corresponding to s^^ opening and saki ink channel; 

. B) a step of laminating a second photosensij^e ma^al layer composed of a thermally crosslinkable 
positive resist on the sulistrate bearing therMn said portions corresponding to the ink discharge open- 
ing and the ink channel, thermally crossliiiidng saki second photosensitive material layer, and pattem 
exposing said layer for forming the ink supply opening by an tonlzing radiation; and 
C) a step of developing and r^oving the uncrosslinked resist corresponding to the ink channel and 
the ink discharge opening, and the latent imagis fbnned by the pattem exposure fbr fonming ttie ink sup- 
ply opening; 

wherein said steps A, B and C conducted in successive drier. 

46. A tiquid-discharging recording head produced by a method according to dalm 45. 

47. A liquid-discharging recording head according to daim 46, wherein said energy generating dement is an 
eiectrothenral transducer tor generating thermal energy aus the energy. 

4a. A liquid-discharging recording head according to dajnri466r47, opnstiuctedasafon^^ head, tiaving 

a plurality of ink discharge openings over the entire v^dth of a recording area of a reccxnding mediunrt 

49. A liquid-discharging recording apparatus corhprisin^^ 
a liquid-discharging recording head acx»rd^^ 
In opposed relationship to a recording face of a reOTidh^^ and 
a member for supporting said recording Ke^d.' ' 

510. A method for produdng a discharging head f6r an ink jet printer by exposing photosensitive material to a 
pattem of radiation and developing the maLterial, diaracterised in th^ the photosensithre material differs 
between different parts of the head. ' 
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I A method for producing a liquid dischcoging 
recovding head including an ink dischaige 
opening (48). an ink supply opening (50), an ink 
channel (49) ioommunicatlrtg with the ink dis- 
charge opening and tfie ink supply opening, 
and an energy generating elemmt (2,42) pn>- 
vlded conrespondihg to the nik channel and 
adapted fbr generating energy to be utflized for 
ink discharge compdses the steps of : 

fonning a first photosmitive matedat 
layer (3) far Ink channel fonmatton, on a sut>- 
strata (1) bearing thereon the energy generating 
element (2,42) ; 

pattern exposing the first photosensltiva 
material layer (3) for forming the Ink channel ; 

fbimlng a sacoM photosensitive material 
layer (5) on the first photosensitive materia 
ls^er(3); 

. p^tem expo^ng the second photosensi- 
tive material lay^ fca- forming Oie ink discharge 
opening and the ink supply opening ; and 

developing the first and the second layos 
of photosensitive materials. 
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